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Introduction 


These modules are quite unlike most materials used in sci- 
ence courses. The content, the approach, and the underly- 
ing objectives probably stand in sharp contrast to those in 
the books you are accustomed to. 

This Teacher’s Edition has been designed to help you 
help your students as they study this module. Parts A and B 
give a brief overview of the module and its objectives. Parts 
C and D provide some detailed information about equip- 
ment, local supply items, and safety. Marginal notes in the 
chapters identify key questions, alert you to materials that 
must be prepared in advance, and suggest how to handle 
certain trouble spots. You may wish to add notes of your 
Own as you work with this module. 

The authors suggest that you read ‘‘A Brief Talk,’’ in the 
introductory section of the student portion of each module, 
before you begin using the modules in your teaching. And 
of course you’ll want to make regular use of the Instruc- 
tional Management Guide. It has all kinds of suggestions for 
making the best use of the modules, the Record Books, and 
the Resource Book. 


PART A +« OVERVIEW 


The activities in this module are an introduction to the 
nature of the sun in our solar system. These activities focus 
on the methods scientists have used to find answers to ques- 
tions they have asked about the sun and the solar system. 
How one determines astronomical distances, calculates 
energy release from the sun, and judges the composition of 
that star give rise to an understanding of how our solar 
system works. This module emphasizes the logic and the 
processes of science more than the usual descriptive facts 
of astronomy. 
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Chapter 1 introduces the intent of the module via five ques- 
tions. Finding answers to these questions is the task of the 
students as they work not only in this chapter, but also in 
the chapters that follow. The chemical composition of the 
sun is first in importance. Spectroscopic analysis is the tool 
presented. Students use a simple spectroscope to do some 
qualitative detective work. Line spectra from flaming chem- 
icals are shown to be characteristic of the specific chemical 
present. Thus it is shown that similar techniques can be 
used to determine the substances present in stars. 


Chapter 2 begins to answer the question, How much energy 
does the sun give off? Students are required to construct an 
energy measurer. They make a pyrheliometer—a heat de- 
tector that responds to light. With this device, temperature 
change due to varying light conditions can be roughly mea- 
sured. The effect on the pyrheliometer of known light 
sources with different amounts of energy is determined. 
The argument is then presented that the sun’s effect can be 
compared with that of a source of known energy. But 
another variable must be considered—the distances from 
the pyrheliometer to the energy sources. 


Excursion 2-1 reviews certain basic notions about energy: 
how it can be transferred and changed from one form to 
another. This is backup information for the content of 
Chapter 2. 


Chapter 3 develops the idea that the amount of energy re- 
ceived by the pyrheliometer (called the sun-energy mea- 
surer) is a function of the distance to the light source. The 
activity shows that increasing distance to the light source 
rapidly decreases the energy measured by the pyrheliome- 
ter. In fact, the data collected, when graphed, show an 
inverse square relationship. The effect of sunlight is com- 
pared with that of a 150-watt bulb, and is shown to be far 
greater. How much greater depends on the distance to the 
sun, and therein lies another set of problems. 


Chapter 4 presents the beginning step in finding the distance 
to the sun, the method of triangulation. A range finder is 
introduced and found to be inadequate because of its short 
base line. But the technique suggests that if a longer base 
line were available, the distance to the sun could be deter- 


mined. The success of the longer base line is illustrated for 
measuring the distance to the moon. 


Excursion 4-1 introduces a simple but fairly precise method 
for measuring the diameter of the moon, based on direct 
observation of its motion. 


Chapter 5 uses a simple model of three elements of the solar 
system (Sun, Earth, and Venus) to provide an adequate 
base line for measuring the distance to the sun. The model 
requires the application of certain facts regarding the mo- 
tion of the two planets relative to each other and to the sun, 
and the scale drawing of how these bodies relate to each 
other. This indirect method provides a reasonably accurate 
measurement of the distance from the earth to the sun. 


Excursion 5-1 defines the term radar and describes how 
radar is used to measure certain astronomical distances, 
e.g., the distance to Venus. It also explains why radar is not 
used to obtain an accurate measurement of the distance to 
the sun. 


Excursion 5-2 illustrates the use of scale drawings. 


Excursion 5-3 shows a direct application of scale drawings 
in using the Earth-Sun-Venus model. 


Chapter 6 provides an indirect approach to the measure- 
ment of the sun’s diameter, another dimension needed to 
finally judge the total energy output of the sun. A pinhole 
sighting scope is used to project the diameter of a light 
source of known distance. A mathematical relationship is 
presented that can be employed to determine the diameter 
of the sun, given the size of its image as projected by the 
sighting scope. 


Excursion 6-1 presents some history on the development of 
the telescope and how the laws of optics act in projecting 
and transforming images. Several activities give firsthand 
evidence of how lenses and telescopes work. 


Chapter 7 focuses on the relative motions of the earth and 
sun. It illustrates why observations of these two bodies 
alone do not provide conclusive evidence for either a sun- 
centered or an earth-centered solar system. Other kinds of 
observations are necessary to resolve the controversy, and 
logic must also be used. 
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Excursion 7-1 reviews historically the development of vari- 
ous calendars. 


Excursion 7-2 gives students an opportunity to analyze as- 
tronomical data and decide which of two ancient theories of 
the solar system best explain the data. 


Chapter 8 reviews the key questions presented in Chapter 1. 
Only one of the questions remains still partially un- 
answered: How can you find out how much energy the sun 
gives off? A final comparison of light sources and a long- 
hand version of the inverse square law yield the answer. 
The rest of the chapter asks the student to apply what has 
been learned in analyzing the characteristics of two 
hypothetical stars. Data for each star are provided and the 
student is asked to compare their chemical composition, 
their distances, and their energy output. 


Excursion 8-1 presents the concept of power as the rate of 
energy transfer. It also defines the watt. 


PART B e MODULE OBJECTIVES 


Chapter 1 


e Describes what a spectroscope does to reflected sunlight. 
e Describes the difference between continuous and bright- 
line spectra. 

Recalls the characteristics of the spectrum of sodium 
when burned and identifies it as bright-line. 
Distinguishes between a continuous and a bright-line 
spectrum. 

e Explains the safe use of a spectroscope. 

e Matches different light sources with their spectral types. 
e Describes the difference between bright-line and dark- 
line spectra. 

Applies method for identifying chemicals by using a spec- 
troscope. 

Applies the concept that spectral data can be used to 
identify chemical elements of light sources. 


Chapter 2 


Indicates that light and heat are forms of energy and that 
light can be converted into heat. 

Explains the blackening of the vanes of the sun-energy 
measurer. 

Accurately reads the change in temperature, using a Cel- 
sius thermometer scale. 

Lists the variables that affect an object’s temperature 
change. 

Uses the sun-energy measurer to measure temperature 
change due to light source. 

Selects graph showing that a sunlit object’s temperature 
reaches and maintains a maximum in a finite time span. 


e Explains why only one variable is changed at a time. 
e Identifies relative energy output of bulbs of different wat- 


tage. 
Applies the concept that temperature change is directly 
related to energy output of light source. 


Chapter 3 


Fe 


Calculates temperature change. 

Selects ordered pairs and constructs a graph. 
Extrapolates from graphed data. 

Applies relationship of inverse effect of distance from 
energy source on temperature change of sun-energy mea- 
surer. 


Chapter 4 


Identifies parts and characteristics of a range finder. 


e Explains scale markings on a range finder and how they 


can be varied. 


e States the relationship of distance and sighting angle. 
e Identifies factors that limit the use of a range finder. 
e Demonstrates skill in measuring distance by using a range 


finder. 


e Identifies the base line for astronomical sightings. 
e Explains why the range finder cannot be used to measure 


the distance to the sun. 


Chapter 5 


e Identifies basic facts about the solar system. 


Uses a protractor to measure angles. 
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e Interprets scale drawings. 

e Identifies and measures the greatest earth-planet, earth- 
sun angle from a drawing. 

e Prepares and uses a scale model of planet orbits to de- 
termine scale and actual distances between planets and 
distance from the earth to the sun. 


Chapter 6 


e Describes relationship of object and image size and dis- 
tance to pinhole. 

e Demonstrates safe and accurate use of sighting scope. 

e Applies relationship of object and image size and distance 
to pinhole to calculate diameter of the moon. 

e Applies relationship of image, object size, and distance to 
pinhole in determining distance to the object. 


Chapter 7 


e Describes the earth’s rotation in terms of degrees. 

e Identifies length of time from noon to sunset. 

e Applies the concept that each hour represents 360/24 de- 
grees of rotation. 

Applies the concept that there is one time zone for every 
hour in a 24-hour day. 

Recalls that observations of the sun’s motion can result in 
conclusions of both a sun-centered system and an earth- 
centered system. 

Indicates cause of a shadow’s appearance and position, 
due to position of light source and object casting shadow. 
Explains why it is more logical to think the solar system 
is sun-centered. 


Chapter 8 


e Applies concept of how energy received from light source 
diminishes with distance. 

e Applies concept of inverse square relationship. 

Defines power. 

Applies the concept that the power multiplier is the 

square of the distance multiplier. 

e Compares characteristics of stars, given spectral and 
energy data. 

e Designs an experiment applying concept of energy mea- 
surement. 


PART C « SPECIAL EQUIPMENT 
AND MATERIALS 


Advance Preparations 


The sighting scope used in Chapter 6 must be prepared in 
advance of the time it will be needed. The basic kit for this 
instrument is the telescope tube package. For each sighting 
scope you will need: 

1 telescope tube package 

1 piece of thin cardboard (tablet back) 

1 piece of frosted acetate, 4 cm? 


To complete the assembly of the sighting scope you will 
also need these materials: 

Sharp pencil 

Scissors 

Razor blade 

Large needle or pin 


Step 1. Remove the smaller cap from the telescope tube. 
Trace the outside of the tube (not the cap) on the thin 
cardboard. Then cut out the disk. 






—Telescope tube 
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Step 2. Make a smooth pinhole in the center of the 
cardboard disk. Don’t make the hole too large. The 
maximum size should be no more than | mm. 





Place the disk inside the tube cap and replace the cap on 
the tube. 





Hole Smaller tube cap 


Step 3. Now prepare an acetate disk to fit the larger tube 
cap. Use a well-sharpened pencil to mark off 0.5-cm 
squares on the frosted side of the acetate disk. This must be 
accurately done. Place the disk in the tube cap, frosted side 
out. Replace the cap on the tube. 


0.5-cm squares 





Frosted 
side out 
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Step 4. You should prepare a light-intensity board to go 
with each sighting scope. Mark off a 1-cm square on a 13 cm 
x 20 cm cardboard sheet in the position shown. Use a razor 
blade to cut the square from the cardboard sheet. 





Local Supply List 
Cardboard tablet backs 
Distilled water 

String 

Matches 

Paper towels 

Scissors 

Razor blade 

Small bottles, with stoppers or lids 
Paper clips 

Colored map pins 
Tissue 

Modeling clay 

Straight pins 

Hat pin or large needle 


PART D «SAFETY NOTES 


In Chapter 1, students work with alcohol burners. They 
should be cautioned regarding fire safety and instructed in 
the safe use and storage of the burners. Alert students to the 
following safe-use rules. ) 

e Never fill a burner more than half full with alcohol. 

e Do not light a burner from another burner. 
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Be sure the flame is extinguished and the wick is cool to 
the touch before returning a burner to the supply area. 
Always replace the metal cap over the wick before re- 
turning a burner to the supply area. 

Tie back hair that extends below the ear lobes, or use a 
hair net. 

e Always wear safety goggles when using a burner. 


The nichrome wire used in the spectroscope flame tests 
gets hot if it is held in the flame too long. You may want to 
wrap the unlooped end of the wire with tape, or secure it to 
the side of a short piece of dowel. 

If you advise students to use hydrochloric acid (HC1) to 
clean the nichrome wire, be sure they are instructed in its 
safe use. Hydrochloric acid fumes are noxious. It would be 
best if you cleaned the nichrome wires yourself, in a well- 
ventilated area. 

Caution your students never to look directly at the sun 
when using the spectroscope. The same caution applies in 
Chapter 6 when the sighting scope is used to get an image of 
the sun on the acetate screen. 

Before beginning this module, it would be good to have 
your students view the filmstrip Laboratory Safety, de- 
veloped by EdMediaTec and distributed by Silver Burdett. 
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ABriet Talk 


There are many ways to study science. No single way is the 
best for everybody. We’ve prepared this book, and others, 
to introduce you to science a bit at a time. We could have 
written a long book with many ideas and many chapters. 
Instead, we chose to present a few important things for you 
to think about in each of these books. And we’ve done it in 
such a way that you can do science activities—not just read 
about them. 

To do science activities, you need equipment and mate- 
rials. So we have asked that these be gathered together 
right in your classroom. Look around; you'll probably see 
some of them. 


Getting What You Want 


Each book like this one has a purpose. The title will give 
you some idea of what’s inside. But to get a better idea of 
what’s there, thumb through the pages. See what activities 
you'll be doing and the kind of equipment you'll be using. 

First, you'll have a say in choosing the modules you want 
to study. Second, you can choose to do, or not to do, some 
of the activities within each module. These activities are 
called Excursions. Third, you can get help with your own 
special problems by doing other short activities. These ac- 
tivities are called Resources. You'll find them in the Re- 
source Book. 

Fourth, you can check up on your own progress, Self- 
Evaluations are provided for each module chapter. You'll 
find them in the Record Book. And you'll find their answers 
there, too. * 
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Working on Your Own 


Your science class may be quite different from your other 
classes. This book, and others like it, will guide your study 
of science. Your teacher will not direct all your work. 
You'll be responsible for your progress. You'll also be re- 
sponsible for taking good care of equipment and materials. 

Begin each day’s work where you left off the time before. 
Try to work ahead on-your own or with your partner, if you 
have one. If you meet problems you can’t solve, get help. 
But don’t expect your teacher to give you the answers to 
the questions in the book. 

After a few days, some of your classmates who are using 
this module may be ahead of you. Others may be behind. 
And other students will be studying different modules. This 
is how the course is supposed to work. No prizes will be 
given for being the first to finish a module. Work at a pace 
that is best for you. But be sure you understand what you 
have done before moving ahead. 








Problem Breaks 


Problem Breaks in modules give you a chance to be your 
own boss as you investigate. Some information and guid- 
ance are provided in each one. But you'll have to do the 
planning yourself. You'll often be expected to report your 
findings to your teacher and/or your classmates. Problem 
Breaks are important and should not be skipped. They 
aren't designed as just something else to do. They are cen- 
tral to what you are expected to learn in each module in 
which they appear. Their most important purpose is to help 
you learn how to think through a problem and design a 
method for solving it. The following comments may help 
you get the most out of doing Problem Breaks. 


e Read the entire Problem Break carefully a couple of 
times before you do anything else. This will help you see 
how it fits in with what you’ve been doing. And it will tell 
you what you need and whether you should work with a 
partner. If you do work with a partner, do your planning 
together. 

e Have the teacher check your plan of action before you 
start if the Problem Break includes an experiment to de- 
sign. This can save you time and embarrassment. And it 
will ensure that what you want to do Is safe for the class- 

-room and doesn’t demand too much equipment. 
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Don’t rush to get through a Problem Break. Most Prob- 
lem Breaks are designed for one class period. But you 
may discover something on your own that you want to 
keep after for a while. That’s fine. Talk it over with your 
teacher. Chances are you can keep on working as long as 
you want. 

Keep good records of what you do, observe, and con- 
clude. Often you’ll have to construct your own data ta- 
bles, graphs, and maybe even equipment. Good records 
will be essential if you have to describe your work to 
others. 

Don’t expect your teacher to have all the answers to the 
problems and questions in Problem Breaks. Most Prob- 
lem Breaks are not designed to result in one answer to a 
question. How you go about your work will often deter- 
mine the results you get. Other persons may get different 
results because they will probably choose a different plan 
of attack. And that is just the way it should be. Problem 
Breaks give everyone a chance to operate independently. 


You can see that Problem Breaks are an essential part of 
the module design. Therefore, you can expect to see a ques- 
tion or two about each one in the Self-Evaluation section of 
the chapter in which it appears. 





Safety in the Laboratory 


This module will allow you to do several experiments. If 
you do them properly, they are perfectly safe. There are 
instructions and drawings to help you do each of the ac- 
tivities. But you should also observe the following rules: 


e Equipment and chemicals should be used only in the 
classroom, unless your teacher gives you permission to 
use them elsewhere. 

e Your work area should be left clean. Clean all equipment 

after use and return it to the supply area. 

Handle all chemicals carefully. Keep them away from 

your eyes, ears, nose, mouth, clothing, and skin. 

e Read labels. Use chemicals only from containers that are 
clearly labeled. 

e Wipe up spills with damp paper towels. 

Report any accidents immediately to your teacher. 

Throw waste materials into the proper containers. 

Wash your hands at the end of each laboratory period. 

Goggles should be worn when you are working with 

chemicals, when you are heating materials in test tubes, 

or when you could be harmed by flying objects. 


What You Are Expected to Learn 


During the year, you will work much as a scientist does. 
You should learn some useful information. More important, 
we hope that you will learn how to ask and answer ques- 
tions about nature. Keep in mind that learning how to find 
answers to questions is just as valuable as learning the 
answers themselves—maybe even more valuable. 

Do not write in this book unless it belongs to you. Do all 
your writing in your Record Book. Use your Record Book 
to check your progress with the Self-Evaluations. 

From time to time, you will find that your answers to 
questions aren’t the same as those of your classmates. 
Don’t let that worry you. There are several right answers to 
some questions. And some questions may not have a cor- 
rect answer. This may disappoint you at first. But soon 
you'll realize that there is much in science that isn’t yet 
understood. So in this course, you will learn some things 
we don’t know as well as some of the things we do know. 





The Message of 
Sunlight 


CHAPTER EMPHASIS 


The basic theme of this unit is understanding 
that indirect methods of measurement and 
observation are used to study the stars and 
planets. 


FILMSTRIP KEY 
Analyzing a Spectrum 


The student is introduced to the use of the 
spectroscope and the ways in which it aids in 
making inferences about the composition of 
light sources. 


Space probes have photographed Mars and the moon. The 
Mariner space probes actually sampled the atmosphere of 
Mars. Men have walked on the moon’s surface. They have 
brought back rock samples and detailed photographs. Sur- 
prisingly, these developments have led to few unexpected 
results. Most of the information collected supported what 
astronomers already believed. 

How did astronomers get such accurate information 
about stars, the moon, and planets without actually going to 
them? How do you study stars and planets without touching 
them? Or even without seeing them? These are questions 
you will tackle in this module. 

Your life depends on one star, the sun. That’s a good 
place to start your study of astronomy. To begin, see if you 
can answer questions 1-1 through 1-5. If you can’t, don’t 
worry. You'll get another chance in Chapter 8. 


(] 1-1. How do astronomers know what the sun is made of? 


[] 1-2. How can you find out how much energy the sun 
gives off each minute? 


LJ 1-3. How can the distance to the sun be determined? 

(1 1-4. How can the size of the sun be determined? 

(J 1-5. How can the motion of the sun be described? 
Note that each question asks. ‘“‘how’’ information is ob- 

tained and ‘‘how’’ measurements are made. Its the ‘“‘how 


it’s done”’ that you'll study. Finding out “‘how”’ will call for 
more thought than memorizing facts from a book. 


EQUIPMENT LIST 
Per student-team 


spectroscope 

sheet of white paper 

pegboard backs , 

alcohol burners 

medicine dropper 

petri dishes 

10-cm lengths of nichrome wire 
3-cm lengths of masking tape 
glass or baby-food jar 

10-cm lengths of string 
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Per class 


1 incandescent light source (150-watt bulb 
in receptacle) 

1 fluorescent light source 

Distilled water 

Strontium chloride 

Sodium chloride 

Lithium chloride 

Methanol (for burners) 

Matches 

Scissors 

Crayons or colored pencils (optional) 

3 petri dishes (for “unknowns’’) 

3 10-cm lengths of nichrome wire 


MAJOR POINTS 


1. A spectroscope spreads light into its 
component colors. 

2. A diffraction grating is the part of the 
spectroscope that spreads the light. 

3. Sunlight and incandescent bulbs form a 
continuous spectrum. 

4. A fluorescent lamp forms a continuous 
spectrum with bright lines on it. 

5. Different elements, when heated to in- 
candescence, show specific bright lines of 
color. 

6. Bright lines of particular colors in the 
spectrum can be used to predict the pres- 
ence of definite elements in a substance. 

7. The presence of helium was first sus- 
pected by the specific lines formed in the 
sun’s spectrum. 


GETTING STARTED 


On the next page, students begin using the 
spectroscopes. You will probably want to 
have them assembled, with the gratings and 
slits in place. This will avoid the danger of 
students getting fingerprints on the plastic 
gratings during assembly. Fingerprints tend 
to cut down the efficiency of the spectro- 
scope. Warn students against touching the 
plastic, before they begin using it. Gratings 
can be cleaned with methanol (burner al- 
cohol) and a soft cloth or cotton. Do not 
scrub. Extra gratings are supplied in the kit, 
and in the event that cleaning will not suffice, 
you will have to install a new.grating. A stu- 
dent who cannot distinguish colors will be at 
a disadvantage. If you have students who are 
color-blind, team them up with ones who are 
not. But be sure that it is not just a case of 
looking for the spectrum in an incorrect 
manner. The student may only need a little 
additional help in using the spectroscope. 


Although it is not necessary for the student 
to know, the rainbow is produced in a some- 
what different manner than the spectrum 
from a diffraction grating. In a rainbow, the 
differential bending of the colors of light as 
they pass from one medium to another (wa- 
ter droplets to air) in a process called refrac- 
tion forms the color spectrum. In the grating, 
light is diffracted—spread out—as it passes 
through thousands of tiny slits, and a color 
spectrum is formed. 
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Let’s get started on your first ‘““how’’ question, question 
1-1. Although you may not realize it, the sun is constantly 
sending you information about itself. Unfortunately, you 
can’t read the information like a newspaper. The informa- 
tion is in the form of light. What light tells you about the sun 
is like cracking a code. 

Here is one of the ways to “‘read”’ sunlight. Observe how 
it behaves when it passes through certain materials. You’ ve 
probably seen an example of this after a rainstorm. Light 
passes through droplets of rain. At a certain angle it is 
broken up into a series of colors. Most people call this a 
rainbow. Scientists call it a spectrum. 





To see and study the sun’s spectrum, you will use a de- ded ney Beeiae oe spectrum 

: A . A arther out on both sides. This may tend to 
vice called a spectroscope. Before you start, however, here confuse them. Actually it is spread ne wider 
is an important warning. and is much dimmer than the primary spec- 
trum, but all the colors are in the same order. 

The fact that it is spread out wider tends to 

Safety Note Never look directly at the sun through any in- make the separate colors more discernible. 


strument or with your unaided eye. This can cause your 
eyes serious and permanent damage. 


Pick up a spectroscope from the supply area. Examine 
the spectroscope. Identify the eyepiece and the slit end. Be 
careful not to touch the plastic disk in the eyepiece. The oil 
from your skin can soil the disk and ruin the spectroscope. 
If the eyepiece is dirty, it can be cleaned with alcohol and 
tissue. 


ACTIVITY 1-1. Lay a sheet of white paper in a patch of direct 
sunlight. (This is a safe way to observe sunlight.) Point the 
slit end of the spectroscope toward the paper. The slit should 
point up and down. Hold the eyepeice snugly against your 
eye. 







Spectroscope 
Sunlight ; fs 
oe TY 
a 
Hold like this, ‘“ 
\ 


\\ Slit end 


not this. 


ACTIVITY 1-2. As you look through the spectroscope, look to 
the side of the tube until you see a spectrum (rainbow) clear- 
ly. Turn the eyepeice, without turning the slit, until the spec- 
trum is as wide as you can make it. Cup your hand around 
your eye to close out as much outside light as possible. 


Spectrum, 


Keep steady 





Spectrum 


1-6. Answers will vary according to visual 
acuity and care in observation. Red, orange, 
yellow, green, blue, violet (or more or less) 
should be named. The student can begin at 
either end of the spectrum, but the order is 
important. 


1-7. The order of the list of colors should be 
the same or exactly reversed. The number of 
colors listed, however, may well vary. It 
would probably be possible to list a large 
number of colors depending on the grada- 
tions. For instance, in the color system de- 
vised by Albert Munsell, there are 20 dif- 
ferent colors, which he calls hues. When de- 
grees of brightness and richness of color are 
considered, the result is 427 different color 
samples in the system. . 





1-8. The plastic disk (diffraction grating) is 
the primary cause. Using just the disk, a 
rather broad, faint spectrum is visible when 
one looks toward a light source (but not to- 
ward the sun). Students may also note a 
spectrum formed when light is reflected from 
the disk. The same effect can be noted when 
light reflects from an LP record. If you have 
one handy, you might want to show this to 
them. 


CONTINUOUS 
SPECTRUM 
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CL] 1-6. List the colors of the spectrum of sunlight. Put them 
in order. 


L] 1-7. Compare the number and order of your list of colors 
with those in Figure 1-1. 


Figure 1-1 


If the photograph looks different from the spectrum you 
saw in the spectroscope, try the experiment again. If you 
still have trouble, ask your teacher or a classmate for help. 


ACTIVITY 1-3. Remove the eyepiece and the slit end from the 


spectroscope. Experiment with them until you can answer 
question 1-8. 


Eyepiece 


9 


Plastic disk Slit 





Note: Be careful to keep your finger off the plastic disk in 
the eyepiece. 


(1 1-8. Which causes the spectrum to appear, the plastic 
disk or the slit? How do you know? 


L] 1-9. Describe what you did to get your answer to ques- 
tion 1-8. 


The plastic disk is called a diffraction grating. Thousands of 
tiny parallel lines have been marked on it. These lines cause 
the light to spread out into the color spectrum you've seen. 
This kind of spectrum is called a continuous spectrum. This 


means one color continues right into the next. You’ve seen 
continuous spectra many times. Light reflecting from an LP 
record is an example. So is a rainbow. 


Earlier, it was said that sunlight carries information about 
the sun. You’ve also seen that sunlight can be spread out 
into a spectrum. Is the spectrum of the sunlight like the 
spectra of other sources of light? The spectroscope can help 
you find out. Compare the spectrum of sunlight with the 
spectra of an incandescent bulb and a fluorescent bulb. 

In your classroom your teacher has set up an incandes- 
cent bulb. Carry your spectroscope to this area. Use it to 
look carefully at the light from the bulb. 


L] 1-10. In the space provided in your Record Book, write 
the colors produced by the bulb. List the colors in the order 
you see them in the spectrum. 


If you find any differences between this spectrum and the 
one produced by sunlight, list them. See if certain colors 
show up strongly. Are there any bright or dark lines? 


L] 1-11 Next, use your spectroscope to examine the light 
from a fluorescent tube. Again, list the colors in the spec- 
trum as you see them. Also, describe any differences be- 
tween the spectra from the fluorescent tube and the one 
from sunlight. 


Did you notice bright lines in the fluorescent-tube spec- 
trum? Did you see these lines either in the sun’s spectrum 
or in the spectrum from the incandescent bulb? Did some of 
the colors show up clearer in one spectrum than in another? 
These differences are like fingerprints. They help as- 
tronomers distinguish one substance from another. But 
how? 

To find out, you'll need to work with a partner. You will 
be using the spectroscope to look at the light given off from 
different heated substances. You will need to work in 
semidarkness. If a part of your room cannot be darkened, 
then rig your own work space as shown in Activity 1-4. 


USING THE 
SPECTROSCOPE 





The classroom may have incandescent lights 
that the student can observe. If not, use the 
150-watt bulb and the receptacle. Put itona 
table adjacent to a wall outlet. Try to have it 
located so that daylight will not be observed 
at the same time. Likewise, you may have 
fluorescent lighting that can be observed in 
the room. If not, the student may have to be 
sent to a kitchen, laboratory, etc., where a 
tube is located. The student should see a 
continuous spectrum, with several pro- 
nounced bright lines superimposed. Most 
outstanding should be yellow, green, and 
violet lines. 








For Activity 1-4, use the two 10-cm pieces of 
string to tie the vertical pegboard backs to- 
gether. 


Clean baby-food jars or other containers may 
be used in place of the petri dishes, if de- 
sired. 


Hotter burners will give better visual results. 
Use Bunsen or propane burners if available. 
lf you have a demonstration spectroscope, 
you may want to set it up to help students 
verify their work. Lines are difficult to see 
with small burners and spectroscopes. 
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Pegboards 


ACTIVITY 1-4. Set up two pegboard backs as shown. Put 
another piece of pegboard or other nonburnable shield 
across the top of the pegboards. This will give you more 
shade. If possible, cover the pegboard with black paper. 


Now get the following materials from the supply area: 


3 pieces of nichrome wire, each 10 cm long 
3 alcohol burners 
3 petri dishes 
1 spectroscope 
1 small container of distilled water 
1 medicine dropper 
3 pieces of masking tape, each 3 cm long 
Lithium chloride crystals 
Strontium chloride crystals 
Sodium chloride crystals 
2 pieces of string, each 10 cm long 


Caution In the next few activities you will use an alcohol 
burner. Be sure you understand these safety rules before 
you start using the burner: 


1. The height of the wick should be about 4 millimetres 
except as noted in Activity 1-5. 


2. The burner should never be more than half-filled with 
alcohol. Don’t overfill it. For safety and economy, 
always keep the cap on the burner when it is not in 
use. 


3. Don’t leave your work area or move the burner with- 
out putting out the flame. 


4. Be careful not to spill any alcohol when filling the 
burner. If you do spill some accidentally, wipe it up 
quickly with a paper towel. 


5. All books, papers, and other flammable materials 
should be kept away from open flames. Avoid reach- 
ing across or leaning over a lighted burner. 


6. Long hair must be tied back. Wear safety goggles 
during experiments involving heating. 


7. Don’t point the open end of a test tube at yourself or 
others while heating it. Never heat a closed container. 


8. Be careful not to tip over the burner or the container 
of water. Remember that glass breaks and broken 
glass cuts. 


In case of an accident, notify your teacher immediately. 


ACTIVITY 1-5. Pull 1 cm of the wick out of the alcohol burner. 
A well-trimmed wick should not be black at the end. Light the 
burner. Look at the spectrum of the flame with your spec- 
troscope. (It’s likely to be very faint.) 





L] 1-12. Compare the spectrum of the alcohol lamp with the 
spectrum of sunlight. 






L] 1-13. Did you see any bright lines in the spectrum of the 
alcohol lamp? If so, what colors were they? 


Now you are ready to do some chemical fingerprinting. 
You'll be comparing three substances: lithium chloride 
(LiCl), strontium chloride (SrCl), and sodium chloride 
(NaCl). You’ll look at their spectra as each of these sub- 
stances is heated in a flame. 

LiCl, SrCl, and NaCl are compounds. The first symbols 
(Li, Sr, and Na) represent the elements that produce the 
colored lines you will see by using the spectroscope. The Cl CHAPTER1 7 









loop. 


Keep wicks well trimmed. If salts get on the 
wicks, trim with scissors. Caution students to 
use labeled burners with the appropriate 
chemicals. 


The spectra from the three chemicals are 
faint. Have students hold the spectroscopes 
as close as possible to the flame. 





part of the compounds does not influence what you will see. 
It is very important that you keep the chemicals pure. Make 
sure to start with clean petri dishes. Each dish should be 
clearly labeled. 

Place only LiCl in the Li dish, SrCl in the Sr dish, and 
NaCl in the Na dish. Also, be sure that the labeled wires 
you use are clean. Place them only in the appropriate 
dishes. IF THESE PROCEDURES ARE NOT FOL- 
LOWED, YOUR RESULTS WILL NOT BE CORRECT. 


Labeled wires can be placed in envelopes in 
sets, and the envelope can be hung on a 
pegboard. See note below for directions on 
how to clean nichrome wires. 


Mix the crystal ae ACTIVITY 1-6. Label a small dish “‘Li.”” Get enough crystals of 


water with the wir 


LiCl to cover a spot this size ©. Put the crystals of LiCl in the 
dish. Then add 2 drops of distilled water. Make a small loop in 
an end of one of the nichrome wires. Label the wire as shown, 
using a piece of masking tape. Mix the water and crystals, 
using the wire loop. Leave the wire in the dish. Use this loop 
only with the LiCl compound. 


Very small amounts of lithium chloride, 
strontium chloride, and sodium chloride are 
all that is necessary. In this and the succeed- 
ing activities, it is most important to avoid 
contamination of the samples and to keep 
solutions from getting on the wick of the 
burner. The nichrome loops, once made, can 
be reused by other students if they are kept 
with the respective samples. Loops may be 
cleaned by rinsing in clean water, dipping in 
concentrated HCl, and heating in the flame 
until they show no color. 


ACTIVITY 1-7. Label a burner “Li.’’ Use it only with LiCl. Dip 
the loop of nichrome wire into the lithium chloride solution. 
While your partner looks at the spectrum of the alcohol 
flame, put the loop into the flame. Do not touch the wick with 
the loop. Try not to get any chemicals on the wick. Repeat this 
procedure until one or more colored lines can be seen. Take 
turns looking at the spectrum. 


(Ay 


L] 1-14. In the space provided in your Record Book, show 
the position and color of any bright lines you saw in the 
spectrum. Do this for Activities 1-8 and 1-9 also. 


OF OF OF OOM On Onc 





oO 

° 
You may want to have colored pencils or Oo Oo 
crayons available so that students can show 
the spectral lines in color. Some lines are 
especially difficult to see. Encourage stu- 
dents to try hard but not to spend the whole 
period searching for a line. 









ACTIVITY 1-8. Repeat Activities 1-6 and 1-7, using strontium 
chloride crystals. Use a clean dish, a clean wire, and another 
alcohol burner. Label all three items ‘‘Sr.” 


O= 0:50 05 0 LOnG. ORC 


ACTIVITY 1-9. Repeat Activities 1-6 and 1-7, using sodium 
chloride crystals. Use the third clean dish, clean wire, and 
alcohol burner. Label all items “Na.” 


Recall that you were looking for chemical fingerprints of 
the compounds. 


L] 1-15. Look at your answers for question 14. Were your 
spectra drawings different for LiCl, SrCl, and NaCl? 


Compare your findings with the spectra shown in Figure 
1-2. 


Figure 1-2 
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You might want to ask students how they 
could be sure that the bright lines were due 
to the lithium, strontium, or sodium, and not 
to the chloride. You could have a sample of 
sodium carbonate (washing soda) or sodium 
bicarbonate (baking soda) that they could try 
in the flame with a clean wire. They will see 
the bright sodium lines. Incidentally, stu- 
dents will probably show a single yellow line 
for the sodium spectrum. This is as it should 
be. There are actually two bright lines, but 
they are so close together that the simple 
spectroscope cannot resolve them. 


Figure 1-3 
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L] 1-16. Match the spectra from Figure 1-2 with the chemi- 
cals you observed. 

biChee tse 

SiG lease 

NaC aes a: 


The spectrum of an element heated in a colorless flame is 
a few bright lines. This type of spectrum is called a bright- 
line spectrum. Each.element produces a definite set of 
bright lines. The bright lines you saw earlier in the 
fluorescent-tube spectrum were due to the gases in the tube 
(mostly mercury vapor). Scientists can identify an element 
by its bright lines as surely as you can be identified by your 
fingerprints. You have seen how certain elements can be 
identified in this way. 


If you had good results with Li, Sr, and Na, your answers 
to question 1-15 should have been: 
LiGleAwasrCliB y-andiNaGieGe 


Other examples of bright-line spectra are given in Figure 
1-3. 


Barium 
Indium 


Boron 


L] 1-17. Remember the ‘‘how’’ question 1-1? Can you 
answer it now? If so, do it. 


Astronomers use spectroscopes to identify the elements 
in the stars. In fact, the spectral lines of the element helium 
were first observed in sunlight. When this substance 
was found on the earth, it was named helium (from the 
Greek word helios, meaning ‘‘sun’’). The spectrum of 
helium is shown in Figure 1-4. 


Figure 1-4 





Perhaps you would like to learn more about the kind of 
spectrum shown in Figure 1-4. 


The dark lines that cross the spectrum of the sun were Gustav Robert Kirchhoff (1824-1887) also 

; ; te was a German physicist. He is perhaps best 

first investigated by Fraunhofer in 1814. He measured but PRGHAr hie Cay ot Tserinal Hecate cs 

couldn’t explain the positions of a great many of them. The his rules for calculating currents in electrical 
lines are now called Fraunhofer lines in Fraunhofer’s hon- REIWOTKS. 


or. But their explanation was the product of another great 
scientist, Kirchhoff. 

It was found that these dark lines on the spectrum were in 
exactly the same position as the lines in the bright-line 
spectra of certain elements. Light from the sun’s surface 
passes through the gases in the atmospheres of the sun and 
the earth. It is believed this causes the dark lines. Figure 
1-5 shows a comparison between the two kinds of lines. 

The spectrum of the light from the sun has been photo- 
graphed, and the positions of the dark lines noted. These 
lines have been compared with known spectral lines. In this 
way astronomers can predict what elements the atmos- 
phere of the sun contains. 


Figure 1-5 


Fraunhofer lines in 
sun’s spectrum 
H Bright lines in 
© helium spectrum 











Bright lines in 
hydrogen spectrum 





Problem Break 1-1 calls for the student to 
identify substances from the spectra they 
produce. A suggested procedure is as fol- 
lows: 

Use three separate, clean petri dishes or 
baby-food jars and three separate burners. In 
the first dish, make a solution of a mixture of 
sodium chloride and lithium chloride; in the 
second, use a mixture of sodium chloride 
and strontium chloride; in the third, use 
strontium chloride and lithium chloride. 
Have a clean wire with each, and number the 
containers and the wires 1, 2, and 3. Be sure 
to keep track of your mixtures by number, so 
that when students check their prediction 
with you, telling the number used, you can 
match them up. It might be wise to prepare 
containers of the three mixtures and put out 
only a small amount at a time. This would 
help guard against contamination. A differ- 
ent complete setup for each mixture would 
be best. 
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Bright and dark lines in spectra tell astronomers much 
about what stars and planets are made of. Most of what we 
know about the sun and its atmosphere comes from spec- 
trum information. It’s the message we get from sunlight. 

From time to time in this module you will be asked to do 
Problem Breaks. These are special problems for you to 
solve. You won’t have much help from your book or from 
your teacher. The problems will help you understand more 
about what you are studying in the chapter. But that’s not 
their major purpose. They are designed to give you practice 
in problem solving, and in setting up your own experi- 
ments. Do every Problem Break—even the tough ones. In 
most cases, you should have your teacher approve your 
plan before trying it. The first Problem Break in this module 
is coming up next. 





“unknown” 


PROBLEM BREAK 1-1 


Here’s some detective work for you. Your teacher has 
prepared a solution of one, two, or three of the substances 
you just tested (sodium chloride, lithium chloride, and 
strontium chloride). Your job is to find out which substance 
or substances were used. 


L] 1-18. In your Record Book, show the position of any 
bright lines you identify. 


L] 1-19. Compare the sketch you made with the sketches 
you made in answer to question 1-14. What substance or 
substances do you predict are in the unknown solution? 


Check your prediction with your teacher. 
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Watt’s Hot? 


EQUIPMENT LIST 
Per student-team 


Per class 
Pieces of dowel 


; Candles 
1 copper strip, 6 cm x 3 cm Matches 
1 Celsius thermometer 
1 paper clip 
1 socket receptacle 
AeHEGevar bulb CHAPTER EMPHASIS 
1 100-watt bulb Using a simple radiant-energy measurer, the 
1 60-watt bulb student determines the variables that affect 
1 50-watt bulb the readings, and compares the energy re- 
1 metrestick ceived from the sun with that from an incan- 
1 pegboard back descent bulb-at a particular distance. 


Everybody knows that the sun gives off lots of energy. In 
fact, all energy on the earth comes, in one way or another, 
from the sun. But what does it mean to say “‘lots of ener- 
gy’? How much is “‘lots’’? And how do you find out how 
much? That is the problem for this chapter—how to mea- 
sure the energy the sun gives off. 

You need to know some things about energy before you 
begin. The following checkup will help you find out whether 
you are ready to go ahead. 


CHECKUP 2-1 


In your Record Book, place a check mark in front of each 
correct answer. There may be more than one correct an- 
swer per question. 


1. Work is 2. A measure of energy is 
a. Loree. a mtOrce, 
b. distance. b. force X distance. 
c. force X distance. Caspecd ~~ time. 
d. speed X time. d. work. 
3. Energy can 4. Energy is always 
a. exist only in the a. conserved. 
form of heat. b. destroyed. 
b. existinmorethan ~ c. needed to over- 
one form. come forces. 
c. be transferred d. a measure of the 


time needed to 
do work. 


from one system 
to another. 
d. cause changes in 
Lob Matter. 





Excursion 2-1 is keyed by a Checkup. 


MAJOR POINTS 


1. A solar-energy measurer (pyrheliometer) 
can be constructed. 

2. Temperature change can be used as a 
measure of radiant energy received. 

3. The temperature change of the solar- 
energy measurer varies with time, up to a 
certain point. 

4. The amount of energy received varies 
with the wattage (energy per second) of the 
bulb. 


This chapter might be considered the most 
important one in the module. Using simple 
apparatus that the students construct them- 
selves, a very realistic measurement can be 
made that will lead to finding the power of 
the sun in a later chapter. Those who are 
well-versed in physics may object to the ap- 
parent discrepancy of terms. Energy is mea- 
sured in joules (or newton e metres) whereas 
the watt is a measure of power in joules per 
second. Time, therefore, is the factor con- 
necting the two terms. Experience has 
shown that the disparity presents no serious 
problems for the students, however, and the 
matter is resolved in a later chapter. Inciden- 
tally, you probably will want to have 2 or 3 
students working together on the activities. 


Checkup. In order to understand the purpose 
of this chapter, the student needs an elemen- 
tary concept of energy. Those who did not 
participate in Levels 1 or 2 of The Natural 
World, or who have forgotten, will profit from 
doing Excursion 2-1, a review of the energy 
concept. This Checkup is the mechanism for 
getting them into the excursion. You may 
want to check answers to the four ques- 
tions, to see that those who need help are 
getting it. 
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In the interest of economy, you will probably 
want to have the copper strips precut instead 
of having each student cut one. Note that the 
piece of dowel, candle, and matches are 
“classroom” items, and can be kept on the 
supply table to be used only when needed. 


If reasonable care is taken in bending the 
copper, not only will it fit tightly around the 
thermometer bulb, thus transferring 
maximum heat to the bulb, but also it will be 
reusable by other students. 


How much the temperature of an object in- 
creases also depends on its specific heat. 
But this factor is not vital to the experiments 
in the chapter, as long as the object is al- 
lowed to heat to its equilibrium temperature. 


2-2 and 2-3. The copper strip should in- 
crease in temperature. The thermometer 
should measure the increase. (Note, how- 
ever, that the thermometer does not measure 
the heat content of the copper, but only one 
factor of it.) 
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Check your answers on page 24 of Excursion 2-1, 
‘Energy at Work.” 


To begin making a sun-energy measurer, you will need 
the following: 


1 strip of copper, 6cm X 3 cm 

1 Celsius thermometer 

1 piece of dowel, the same diameter as the thermometer 
bulb 

1 candle 

Matches 

Paper clip 


Do you know how to use the metric system? If not, do 
Resource 1, ‘‘Measuring Distance in Metric.”’ 


ACTIVITY 2-1. Pinch the strip of copper tightly around the 
dowel as shown. 


Copper 
strip 





Dowel 


ACTIVITY 2-2. Bend the ends of the copper back flat. 





The part of the sun’s energy that reaches the earth is in 
the form of light. Most of this light energy changes to heat 
energy when it reaches the earth. This heating effect of light 
is what causes objects in sunlight to get hotter. 


L] 2-1. How much an object’s temperature changes when 
exposed to sunlight depends on a number of things. Which 
of the following things do you think could affect this 
change? 


A. How big the object is 

B. How well it absorbs heat 

C. How quickly it conducts heat 
D. How long it is heated 


Each of those affects how much change in temperature 
will be observed when the object is placed in the sun. 

You can get an idea of how much heat is absorbed by an 
object. Just measure its temperature before and after plac- 
ing it in the light. All you need is an object to be heated, and 
a thermometer. 


ACTIVITY 2-3. Slide the copper strip from the dowel and 
under the bulb of the thermometer. Gently pinch it around the 
bulb. Use care so as not to break the thermometer. 





You’ve probably figured out how your sun-energy mea- 
surer will work. 


LJ 2-2. What do you predict will happen to the copper strip 
if it is placed in sunlight? 


LJ] 2-3. What is the purpose of the thermometer? 


Now let’s test the sun-energy measurer you've built. ; CHAPTER 2 17 


The reason that it should not rest on any sur- 
face is that heat could be conducted to or 
from it more readily, as well as being re- 
flected to it. Of equal importance, however, 
is protecting it from the wind or from drafts. 


ACTIVITY 2-4. Hold the instrument in the shade for 2 minutes. 
Then move it into the sun for about 5 minutes. Do not rest it 
on any surface. This will give poor results. 


Sunlight 





2-4, It should show a temperature increase of 
up to 4 °C in sunlight. 


Pencil 


Carbon black is preferred to black paint be- 
cause it tends to be a better absorber and 
conductor of heat energy. It can be messy, 
however, and students may have to be 
warned about keeping their fingers out of the 
soot. 






[] 2-4. Was the thermometer reading in the shade different 
from that in the sun? (If so, how much?) 


If the thermometer didn’t show a temperature change, 
something is wrong. The copper strip should have absorbed 
enough energy to affect the thermometer. If it didn’t, check 
Activities 2-1, 2-2, and 2-3, to be sure that you put the 
instrument together correctly. 

You can improve your sun-energy measurer. You proba- 
bly noticed that the temperature change was slow. The 
amount of temperature change was probably rather small, 
too. It would help matters if the copper absorbed energy 
more quickly than it does. 

Copper is a shiny metal. This means that it reflects some 
light. By cutting down its shininess, the copper would con- 
vert more light energy to heat. 


L] 2-5. What could you do to the copper to make it absorb 
more of the sun’s energy? 


ACTIVITY 2-5. Slide the copper strip off the thermometer. 
Insert a pencil or dowel in the bend of the strip. Hold the 
copper over a lighted candle. Try to cover the flat surface 
evenly with soot from the candle. Warning: Do not hold the 
thermometer over the candle. It will get hot and break. If you 
get wax on the strip, you must clean it and start again. 


ACTIVITY 2-6. Let the copper strip cool. Then, holding it by 
the unblackened loop, attach it to the thermometer as before. 


Test your instrument in a sunny spot. 


L] 2-6. At room temperature, what temperature does the 
sun-energy measurer show? 


L] 2-7. What temperature does the instrument show after 
being in direct sunlight for a few minutes? 


L] 2-8. By how many degrees did the temperature change? 


Remove the sun-energy measurer from the sunlight. Let 
it return to room temperature. 


L] 2-9. Why do you think copper was a good choice of 
metal? 


This instrument should help tell you how much sun- 
energy is received by the copper strip in a given amount of 
time. 

You may see some problems in using the sun-energy 
measurer. Suppose you got a reading in the sun 20° higher 
than in the shade. This would tell you that the copper strip 
had absorbed energy. But it would not tell you how much 
total energy the sun gives off. To learn that, you would need 
to know other things. The next activities will help you find 
out what they are. Pick up a pegboard and a paper clip. 


ACTIVITY 2-7. Hang the sun-energy measurer in an upright 
position as shown. Make a hanger from a paper clip. 









2-9. Probably the most important reason is 
that copper is a good conductor of heat. 
Also, from a practical standpoint, it is easily 
shaped (malleable), 


In making readings of temperature change 
with the pyrheliometer throughout the chap- 
ter, be sure that students measure the 
change under constant conditions. For 
example, if the amount of change in sunlight 
is made outside, then the beginning temper- 
ature should also be read outside. If the 
change is to be measured indoors (as on a 
window ledge, with sunlight coming through 
the glass), then the beginning temperature 
should be that of the room. 


In this activity and the ones that follow, the 
books may be placed at the other end of the 
pegboard, away from the instrument. 
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Carry the stand with the attached instrument to where 
your teacher has set up some light bulbs. 

You will use these bulbs as a light source. They will 
represent the sun. 








ACTIVITY 2-8. Place the pegboard near a 150-watt bulb. The 
blackened surface of the copper strip should be 20 cm away 
from the center of the bulb. It should also be level with the 
center of the bulb. Don’t turn on the light yet. 


Center 


150 watts 






Record the temperature of the thermometer in Table 2-1 
of your Record Book. This is the temperature at 0.0 min- 
utes. It goes in the first row of the middle column in Table 
2-1. When you turn on the lamp, you will start recording 
the temperature every 0.5 minute (30 seconds). Check the 
time. Then turn the light on. Leave the light on for 5 min- 
utes. Complete the middle calumn of the table. 


Table 2-1 Total 


Time Temperature temperature 
(minutes) CC) change (°C) 
0.0 


0.5 


2.0 
25 
3.0 
Se) 
4.0 
4.5 
5.0 


20 


L] 2-10. What is the highest temperature you recorded dur- 
ing the 5 minutes? 


Here’s how to complete the last column of Table 2-1, the 
‘“Total temperature change.” 

For each row, subtract the temperature at 0.0 time from 
the temperature recorded at the new time. 

Example: Suppose the temperature at 0.0 time was 24 °C, 
and the temperature after 2.5 minutes was 62 °C. 

Total temperature change= 62 °C — 24 °C 
= 38 °C 

Graph your results on the grid of Figure 2-1 in your 
Record Book. Use the data from the ‘‘Total temperature 
change’’ column and from the *“‘Time”’ column. If you need 
help in graphing, see Resource 5, ‘‘Pictures of Relation- 
ships.”’ 


Temperature change (°C) 


Time (minutes) 


L] 2-11. According to your graph, how many minutes 
passed before the temperature stopped rising? 


L] 2-12. Why, do you think, did the temperature stop in- 
creasing? 


Place the sun-energy measurer away from the light so 
that it can cool to room temperature. 


0 0.5 1.0 ES 2.0 255 3.0 3.5 4.0 4.5 Sy, 


Figure 2-1 





0 


2-11. The most probable answer is 3 to 3% 
minutes. 


2-12. Equilibrium temperature was reached 
when the amount of heat lost by the strip 
equaled the amount of heat gained. This is a 
good concept to be acquired, but don’t ex- 
pect many students to achieve it. 
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60 watts 


100 watts 
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L] 2-13. List at least three variables that you think might 
have affected how much temperature change you observed. 


You should investigate the effects of different amounts of 
light energy on the sun-energy measurer. You can use light 
bulbs of different sizes. Be sure to keep other variables, 
such as time, distance, and position of copper strip the 
same. 


ACTIVITY 2-9. Set up the sun-energy measurer and light 
source as shown. Use a 60-watt bulb and wait until the tem- 
perature reaches its highest reading (about 5 minutes). Re- 
cord the original and highest temperature readings in Table 
2-2 of your Record Book. 


ACTIVITY 2-10. Allow the thermometer to return to room 
temperature. Repeat Activity 2-9, using a 100-watt bulb. Re- 
cord the data in Table 2-2. 


Use the original temperature from the 0.0 row of Table 
2-1 on page 20 and the highest temperature, from the 5.0 
row, to fill in the spaced in Table 2-2 for the 150-watt bulb. 


Original Highest 
temperature temperature 


The watt number on a bulb tells you how much energy it 
produces. The greater the wattage, the greater the energy 
produced. 


Table 2-2 





Temperature 
change 







L] 2-14. Which of the following bulbs produces the most 
light energy: 150W, 60W, or 100W? 


Complete the last column in Table 2-2, and graph your 
results in Figure 2-2 of your Record Book. 


Figure 2-2 


Total temperature change (°C) 


Number of watts 


L] 2-15. What happened to the temperature change as the 
wattage (amount of energy) of the bulb increased? 


Oj 2-16. Look at your graph in Figure 2-2. Predict the 
temperature change if you had used a 50-watt bulb. 


Get a 50-watt bulb and test your prediction in question 
2-16. 


(] 2-17. Was your prediction in 2-16 correct? 


L] 2-18. How does the size (in watts) of a light bulb affect 
the temperature of the sun-energy measurer? 


This chapter has given you part of the answer for how to 
measure the sun’s energy. You can compare the sun’s heat- 
ing power with that of a known source—a light bulb. But 
that isn’t all there is to it. You will look at how distance 
relates to heating power. That’s next, in Chapter 3. 


Before going on, do Self-Evaluation 2 in your Record Book. 


Figure 2-2. The graph should be a straight 
line. Of course, it should pass through the 
“0,0"' point (no wattage, no temperature 
change) and show about 5 °C at 60W, 8 °C at 
1O0W, and 12 °C at 150W. 





2-16. The prediction should be about 4°C for 
a 50-watt bulb. 
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EQUIPMENT 


None 


Excursion 2-1 


Energy 
PURPOSE at Work 


To provide a review of the energy concept. 


Whenever possible, scientists use operational definitions in 
describing things they study. For example: 
A scientific operational definition for work is 


WORK = FORCE x DISTANCE 





Answers to Checkup 


The correct answers for the Checkup are 1 c; 
2 b, d; 3 b, c, d; and 4 a, c. Notice that some 
questions had more than one correct an- 
swer. If you missed any of these, or if you 
checked any of the other choices, do this 
excursion before going back to Chapter 2. 


, 


This is a remedial-review excursion. The stu- 
dent-is led into it through the Checkup in 
Chapter 2. 


MAJOR POINTS 


1. Energy is equated to work. 

2. Energy exists in different forms. 

3. Energy can be transferred from one place 
to another. 

4. Energy can be changed from one form to 
another. 

5. Energy can cause a change in matter. 

6. Energy is conserved. When it changes 
from one form to another, no energy is lost 
or destroyed. 
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According to this definition, Iggy (above) is doing work if 
he does two things: 


1. Applies a force to the box. 
2. Moves the box some distance. 


Somehow, Iggy has the ability to do work. This ability 
can be thought of as something present in him. We'll call it 
energy. The scientist, being precise, wants a more accurate 
definition of energy. The scientist says, “‘Energy can do 
work.”’ 

The scientist’s definition of energy has an interesting re- 
sult. There are different kinds of things that can do work. 
Therefore, energy must exist in different forms. 

For example, electrical devices (1) can do work; there- 
fore, electricity is one form of energy. 

Heat (2) also can be used in doing work. It, too, must be 
energy. 

Light (3) is considered as another form of energy because 
it can do work. 

Still other forms of energy exist. Chemical energy is an 
example. 

You know from your own experiences that energy can be 
transferred from one place to another. Light, for example, 
travels to the earth from the sun. A hot object next to a cold 
one loses heat to the cold object. Electricity can move from 
a power plant to the lamp on your table. 





L] 1. Give another example of the transfer of energy. 


Remember, too, that energy can be changed from one 
form to another: 

Light can be changed to heat. 

Electricity (4) can be changed to light and heat. 

Heat (5) can be changed to light. 
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[] 2. Can you give an example of heat being changed to 
electricity? 





—=__ 














~e%etetete 








ee. 


L] 3. Can chemical energy be changed to electrical energy? 


L] 4. Give an example or two of how energy causes a 
change in matter. 


When changes in matter occur, or one form of energy 
changes to another, no energy is lost or destroyed. Energy 
may be absorbed, released, changed in form, and spread 
around. But it is always somewhere. It is always con- 
served. Scientists refer to this fact as the Conservation of 
Energy. 

Return now to Chapter 2. 
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Lights in the 
Distance 


EQUIPMENT LIST 
Per student-team 


1 150-watt bulb and socket 
1 pegboard 


MAJOR POINTS 


1. The amount of energy received varies 
with the distance between the source and 
the solar-energy measurer. 

2. In order for the energy received by the 
solar-energy measurer to remain constant, 
the radiant energy of a source must increase 
at a greater rate than the distance from the 
source increases. 

3. It is. possible to determine the distance 
from the solar-energy measurer that a 150- 
watt bulb must be in order to cause the same 
temperature change that the sun causes. 

4. To measure the energy given off by the 
sun, itis necessary to know the distance to 


1 sun-energy measurer (See Chapter 2.) the sun. 


In Chapter 2 you learned a few facts about measuring light 
energy. Using light bulbs to represent the sun, you learned 
that the surface receiving light heats up. And you learned 
that the size of the light source affects the amount of heat 
absorbed. 

Now let’s test another variable. Let’s see how the dis- 
tance between the light source and the sun-energy measurer 
affects the amount of heat energy received. 


CL] 3-1. What do you predict will be the effect of moving 
your light source farther away from the sun-energy mea- 
surer? 


PROBLEM BREAK 3-1 


Get a 150-watt bulb and test your prediction for question 
3-1. How much does the reading of the sun-energy mea- 
surer change by doubling the distance between it and a light 
source? Suppose you fripled the initial distance. Would the 
temperature reading decrease to one third of what it was at 
the first setting? Here are some guidelines on how to find 
out what to do. You will need the following: 


150-watt bulb and socket 
1 pegboard 
Sun-energy measurer 
Set up the sun-energy measurer and light source as 
shown. 





Problem Break 3-1. This is the most impor- 
tant point of the chapter. The information 
that the student gets from the graph provides 
the answer to question 3-4. This answer in 
turn is the starting point for figuring the 
power of the sun in Chapter 8. Check student 
work carefully. Extra time here will be well 
spent. 


See the Teacher’s Edition of the Record 
Book for a sample graph for Problem Break 
3-1. The student graph should look similar to 
that. Using the answer to question 3-3 onthe 
vertical axis, the student can read the answer 
for question 3-4 on the horizontal axis. This 
is a graph of an inverse-square relationship. 
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Table 3-1 


Figure 3-1 


CHAPTER 3 


Temperature change (°C) 
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Take temperature readings for each of the distances 
given in Table 3-1. In each case, turn on the lamp for 3 
minutes. At the end of that time, record the total tempera- 
ture change. Turn the lamp off. Allow the sun-energy mea- 
surer to cool off to room temperature. Record all data and 
make a graph in Figure 3-1 in your Record Book. If you 
need help with graphing, do Resource 5, ‘‘Pictures of Rela- 
tionships.”’ 








Distance (cm) 


L] 3-2. In your experiment, why should you keep the light 
source constant at 150 watts? 


Now let’s return to the problem that started Chapter 2. 
How can you find out how much energy the sun is giving 


—s 


ACTIVITY 3-1. Hold the sun-energy measurer in a sunny spot. 
Leave it there until the thermometer reading stops going up. 





L] 3-3. How much temperature change did the sun-energy 
measurer show? 


Now look at your graph, Figure 3-1. 


L] 3-4. How far from a 150-watt bulb must the measurer be 
to show the same temperature it showed in direct sunlight? 


Test your answer to question 3-4. Use the 150-watt bulb. 
Place the sun-energy measurer at the distance you gave in 
question 3-4. 


L] 3-5. Was your prediction in question 3-4 correct? 


Suppose you moved the socket a kilometre from the 
sun-energy measurer. But you still wanted to have the 
temperature go up. How many 150-watt bulbs would you 
need? You’d have to have a huge amount of energy to give 
the same reading. 

The sun is many, many kilometres from the earth. You 
now know the sun is giving off a huge amount of energy. It 
produces a big change in temperature in your sun-energy 
measure. To figure out how much energy, you will need to 
know how many kilometres away the sun is. The next chap- 
ter tells how to measure the distance from the earth to 
the sun. ; 


Before going on, do Self-Evaluation 3 in your Record Book. 






GET IT READY NOW FOR CHAPTER 4 


The range finders should be assembled. You 
will need manila folders or large pieces of 
cardboard taped in place on the range 
finders. The students will also need white un- 
lined paper. You will also have to set up a 
sighting range. See the teacher notes in 
Chapter 4 for directions. 
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Far-Out Sun 


EQUIPMENT LIST 
Per student-team 


1 range finder (assembled, with manila folder 


CHAPTER EMPHASIS 


The student investigates the use of a simple 
range finder for measuring distances and de- 
termines some of the variables and the limi- 


taped to pegboard) 
1 sheet of white unlined paper 
Tape 
Pencil and 1 No. 3 one-hole stopper 


tations of the instrument. 


Measuring the distance to the sun may seem like an impos- 
sible job. More than likely, you’ve always used a ruler or 
metrestick to measure distances. But that won’t work for 
measuring the distance to the sun. 

Actually, the problem won't be as difficult as you may 
think. In many ways, you’re like a photographer who wants 
to know the distance to a moving subject. If the photog- 
rapher tries to use a ruler or tape measure, there won’t be 
many pictures. 

Camera manufacturers have solved this problem. Many 
cameras include a device called a “‘range finder.’’ With a 
range finder, a person looks at the same object from two 
different positions. The range finder evaluates the distance 
to the object from the size of the angles formed. (See Fig- 
ure 4-1.) 


Figure 4-1 







Larger angle 
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Excursion 4-1 is keyed to this chapter. 


MAJOR POINTS 


1. The range finder operates on the principle 
of angles and triangles. 

2. A range finder can be calibrated by sight- 
ing objects at known distances. 

3. As the distance to the object decreases, 
the angle between the sighting bar and the 
sighting line increases. 

4. As the distance to the object increases, 
the sighting marks get closer and closer to- 
gether. 

5. The range finder loses its usefulness 
beyond about 15 metres. 

6. The length of the range finder’s base line 
is a limiting factor in the distance that can be 
measured. 

7. In its present form the range finder is use- 
less in measuring large distances, such as 
the distance to the sun. 

8. Another limiting factor. of the range finder 
is its inability to measure the sighting angle 
accuractely. 

9. Using any terrestrial distances, the base 
line is still too short to give accurate angle 
measurements by the range-finder method. 


Smaller angle 





The range finders should be assembled with 
the manila folder or carboard in place. The 
white paper should not be added until Activ- 
ity 4-4, however. 


It is important for the students to discover 
the usefulness and the limitations of the in- 
strument themselves. Resist the temptation 
to legislate the distances and uses during 
this trial period. 





Sighting line 


Baseline 


In using the range finder, tell the student to 
keep the sighting eye well back from the bolt. 
If too close, the nearer bolt completely 
blocks the sight on the farther bolt. 






1st Position » 
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[11 4-1. How does a range finder tell the difference in the 
distance to the two objects in Figure 4-1? 


You can use a simple handmade range finder. It will help 
you measure the distance to the sun. Get one from the 
supply area. 


ACTIVITY 4-1. Look the range finder over carefully. Note par- 
ticularly the labeled parts. If it hasn’t been done, draw and 
label the sighting line and the base line on your range finder. 


Before you try to measure the distance to the sun with 
the range finder, you should learn how it works. Pick out an 
object to look at on the other side of your classroom. A 
good object to sight on is a pencil stuck in a one-hole 
stopper. 


ACTIVITY 4-2. Place the range finder on a flat surface. Line 
up the sighting line with the object. Without moving the peg- 
board, adjust the sighting bar. It should line up with the ob- 
ject. When finished, the sighting line and sighting bar should 
be lined up with the object. 


Sighting line 
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ACTIVITY 4-3. Move the range finder along the sighting line \ 
until it is several feet closer to the object. (See arrow.) Don’t | Closer 
change the position of the sighting bar. We oe. 
\ 
L] 4-2. Does the sighting bar still line up with the object aoe 


after the range finder is moved? If not, what would you 
have to do to line it up? Try it! 


L] 4-3. Suppose you moved the range finder closer to the 
object along the sighting line. Predict what you would have 
to do to align the sighting bar. 


Sighting line 


L] 4-4. Was your prediction correct? 


Do you understand the principle of how the range finder 
works? As the range finder is moved closer to an object, the 


angle between the sighting bar and the sighting line 
changes. 


L] 4-5. Suppose the distance from the range finder to an tute 
object increases. How do you predict the angle between the cate 
sighting line and sighting bar will change? \ 





Test your prediction in question 4-5 by doing the next 
activity. 

Your teacher has chosen an object and placed marks on 
the floor at distances from it of 1, 2, 3, 4, 5, 10, and 15 
metres. 
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Sheet of white paper 


Note that for the calibration of the range 
finder, beginning with Activity 4-4, you will 
need a sighting range set up somewhere in 
the room, with distances of 1,2,3,4,5,10, and 
15 metres marked from some object to be 
sighted. The 15-metre distance (49 feet) is a 
little large for the average classroom. You 
may have to stop at a shorter distance, or you 
might be able to set up the range in a cor- 
ridor. In the classroom, an excellent sighting 
object could be a distinct chalk mark on the 
front chalkboard. 





ACTIVITY 4-4. With small pieces of tape, attach a sheet of 
white paper to the range finder as shown. Hold a pencil in the 
groove at the end of the sighting bar. Turn the bar to draw a 
complete arc across the page. Make a mark, or two, on the 
edge of your paper and the range finder. This will help you 
position it again if you don’t finish today. Be sure to save the 
paper for later work. 


ACTIVITY 4-5. Place the range finder so that the sighting line 

rear bolt is at the 1-m mark on the floor. Line up the sighting 

line, and then the sighting bar, with the object. Be sure to 

sight straight down the bar. The object should look as if it is 

standing on the far end of the bar. When you are sure the 

position of the bar is correct, make a mark on the arc as 
34 CHAPTER 4 shown. Label the mark “1.” 


4-6. In question 4-5, the student should have 
predicted that as the distance gets greater 
the angle gets smaller. Whatever was pre- 
dicted, however, the student should now 
clearly see this important relationship. The 
decreasing size of the angle and the result- 
ing difficulty of accurate measurement be- 
come the limiting factors in the use of the 
instrument. 


— Sighting line 


ACTIVITY 4-6. Repeat Activity 4-5 for distances of 2 m, 3 m, 
4 m, 5 m, 10 m, and 15 m. When your scale is complete, it 
should appear similar to that shown. Label each mark. The 
same person should make all the sightings. 





Sighting 
line 


Sighting bar 


Practice using your range finder to measure the distance 
to objects not more than 15 m away. Check your measure- 
ments with a metrestick. If they are inaccurate by more 
than 0.5 m, repeat Activities 4-4, 4-5, and 4-6. 


0 4-6. Was your prediction in question 4-5 correct? What 
happens to the angle formed by the sighting bar and the 
parallel sighting line shown in Figure 4-2? 


C1 4-7. Suppose you lined up the sighting line and the sight- 
ing bar of the range finder in Figure 4-2 on an object a long 
way off (like a distant tree). Would you expect the angle 
between the sighting bar and the parallel sighting line to be 
large or small? 


— Parallel sighting line 





The marks and the labeling for 5, 10, and 15 
metres will be relatively close together. The 
numbers will have to be small, and a sharp 
pencil should be used for making the marks. 


Figure 4-2 


(parallel to the 
sighting line) 


CHAPTER 4 35 


4-8. This is a good item to check the stu- 
dent's understanding of the activities. A vari- 
ety of answers are possible. Hopefully, the 
student will discover that the motion of the 
sighting bar is so small that little difference 
can be seen in the two measurements. This is 
just another way of saying that the sighting 
angle is getting too small to measure accu- 
rately with the instrument. 


IMPORTANT: Do not allow the students to 
sight on the sun directly. Even though there 
is a safety note to the student, a personal 
word from you might be in order. 





Shadow 
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Check your prediction by using your own range finder. 
(Draw a parallel sighting line on your range finder if it will 
help you.) 

Select two very distant objects. Have one of these ob- 
jects farther away than the other. Use the range finder to 
decide which of the objects is farther away. 


L] 4-8. Describe any problems you had in deciding which 
object was farther away. 


You should have a good understanding of how to use the 
range finder. It seems to work fine on short distances. But it 
doesn’t work so well for distances beyond 15 m. This may 
limit its usefulness for measuring great distances such as to 
the sun. See if it will. 


Safety Note Because of the danger of looking at the sun 
directly, you must change slightly your method of sighting. 
Instead of lining up bolts, you will try to line up the 
shadows the bolts cast. 


ACTIVITY 4-7. Set the range finder in a patch of sunlight. Set 
it up so that the shadow from the front bolt falls directly along 
the sighting line. 


i 






Shadow 





ACTIVITY 4-8. Without moving the pegboard, move the sight- 
ing bar until the front bolt shadow falls directly along the bar. 


L] 4-9. From the position of the sighting bar on your scale, 
what can you say about the distance to the sun? 


Clearly, you have a problem. There seems to be a limit to 
the distance you can measure accurately with your range 
finder. 

One variable that limits the distance that can be mea- 
sured is the length of the range finder’s base line. 


L] 4-10. Suppose you lengthened the base line. How would 
this affect the greatest distance you can measure with your 
range finder? 


The prediction in question 4-10 should have 
been that lengthening the base line would 
increase the greatest distance that could be 
measured. Actually, the increase would be 
proportional to the increase in the base line, 
because the size of the sighting angle is the 
critical thing, and the tangent of the angle is 
equal to the base line divided by the distance 
to the object. Thus, for a given angle, an in- 
crease in one factor would make a propor- 
tional increase in the other. An experiment to 
test this prediction might involve shifting the 
sighting bar on the range finder so that the 
base line is longer. With the existing config- 
uration, it would be possible to shift the bar 
so that the base line is twice as long. Mea- 
surements could then be made of the effect 
on the spacing of the marks on the scale. 
Wider spacing (greater angular change) 
would be a good indicator of greater dis- 
tance potential. 


PROBLEM BREAK 4-1 


Design an experiment to test what happens when you 
lengthen the range finder’s base line. In your Record Book, 
describe what you would do and what measurements you 
would make. Check with your teacher and then do the ex- 
periment. Record your results and conclusions. 

It should be clear that two variables limit the greatest 
distance that can be measured by your range finder. The 
first is the length of the base line. The second is the size of 
the smallest measureable angle between the sighting bar 
and the parallel sighting line. This angle is called the sight- 
ing angle. 


4-9. It is too far away to measure with the 
range finder. Actually, the sighting bar 
should be parallel to the sighting line. The 
angle between two parallel lines (if there is 
such a thing) is 0°. The angle has simply be- 
come too small to measure. 
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4-11. For a given distance to the object, an 
increase in the length of the base line in- 
creases the size of the angle. 






Sighting line 
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4-12. The angle would increase. For small 
angles (which these are) the increase would 
be proportional to the increase in the base 
line. 
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LJ 4-11. In Figure 4-3, how would increasing the base line 
affect the size of the angle between the two sighting lines? 


Figure 4-3 


Parallel sighting line 


Now you have a real clue as to how to measure the dis- 
tance to the sun. Astronomers could make sightings from 
two observatories that are- hundreds or even thousands of 
miles apart. That would make a really big base line for the 
two sightings. Figure 4-4 shows how this can be done. 


[] 4-12. If you switched from a simple range finder to the 
system shown in Figure 4-4, what effect would this change 
have on angle A? 


Modern instruments can measure angles of less than 
1/1000 of a degree. To increase the base line, sightings of 
the sun can be made from widely spaced observatories. But 
even then, the angle turns out to be too small to measure 
accurately. Unfortunately, the range finder just can’t do the 
job. You need a much larger base line. In the next chapter, 
you will search for such a base line. 

Meanwhile, you might like to know that the distance to 
the moon has been measured by the range-finder method. 


Figure 4-4 





The average distance to the moon is about 385 000 km. 
Knowing the distance to the moon makes it simple to find 
the size (diameter) of the moon. 

If you would like to measure the diameter of the moon, 


9° 


Excursion 4-1, ‘‘The Moon’s Measurements,’’ will show 
you a method that is simple. All you need is a full moon, 
some time to sit still, and a watch. 


Before going on, do Self-Evaluation 4 in your Record Book. 


With two observatories about 3200 km apart, 
the angle formed by a point source on the 
sun, as shown in Figure 4-4, would be about 
4". Four seconds is close to y7o5 of a degree. 
Of course, the sun is not a point source but, 
rather, a flaming ball about 1 400 000 km in 
diameter. 


Excursion 4-1 is of general interest. As it re- 
quires a full moon, which will not be in the 
sky during school hours, it should be done at 
home. And it need not take a great deal of 
time. 


GET IT READY NOW FOR CHAPTER 5 


No new equipment need be prepared. The 
activities call for students to use 3 beans or 
other small objects on which to sight. Many 
different things could be used. Large-headed 
roofing nails stand up well; thumbtacks 
would do. 
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Excursion 4-1 


The Moon’s 
purpose Measurements 


To show a simple method for measuring the 
diameter of the moon. 


EQUIPMENT LIST 


Watch or timer with second hand 


This is a general-interest excursion that re- 
quires a short period of observation outside 
of schoo! and a small amount of calculating. 


MAJOR POINTS 


1. The distance around the moon's orbit, 
2 400 000 km can be found by multiplying the 
distance to the moon, 385 000 km by 2 x 3.14 
(2 pi). 

2. The apparent motion of the moon is influ- 
enced by the rotation of the earth and the 
movement of the moon in its orbit. 

3. Most of the apparent motion of the moon 
is due to the earth’s rotation. 

4. The time that it takes for the moon to 
move one diameter in the sky, divided into 
the length of time for one day (24 hours), will 
give the number of moon diameters in one 
orbit. 

5. Dividing the number of km in the moon’s 
orbit (2 400 000 km) by the number of moon 
diameters in one orbit will give the diameter 
of the moon in km. 


Figure 2 
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In 1968, the world was thrilled by the successful orbiting of 
the moon by three American astronauts. These astronauts, 
Borman, Lovell, and Anders, were in an excellent position 
to measure the size of the moon. 

Even though you are a long way from it, you, too, can 
measure the moon. And you can do it almost as accurately 
as the astronauts could. You need a clock and the ability to 
visualize the motion of the moon with respect to the earth. 


Figure 1 will help you do this. 


Figure 1 





2 400 000 km around 





Moon 


How do you calculate 
the distance around 
the moon’s orbit? See 
the last part of this 
excursion. 


Notice that the figure reminds you of two important as- 
sumptions. Keep these in mind as you proceed. 


1. It is assumed that the moon’s orbit is a circle, 2 400 
000 km around. The earth is placed at the center of 
that circle. 

2. The earth turns at a constant speed. 


But astronomers have shown that these assumptions are 
not completely accurate. They are close enough, however, 
to make the measurements you need. 

Choose a night when the moon is full and the weather 
clear. Watch the moon for a few minutes. Look carefully. 
You will notice that the moon appears to move in the sky. 
You may even notice that it moves from east to west. Look 
at Figure 2 and do some thinking. 

The apparent motion of the moon is influenced by two 
things: (A) the turning of the earth, and (B) the moon’s 
movement in its orbit. 


Most of what appears to be the motion of the moon is due 
to the turning of the earth. When you view the moon for an 
hour or so, all the motion observed is due to the earth’s 
turning. Assume this to be so as you make the observation 
called for in Activity 1. 

Your first problem will be to find out how fast the moon 
appears to move. Since doing this may take an hour or so, 
start your work fairly early in the evening. 


ACTIVITY 1. Line up the top of the moon with a power line or 
telephone wire. Rest your head against some object to keep 
your eye steady. Now time the movement of the moon across 
the wire. Record the time in minutes as your answer to ques- 
tion 1. 






Moon at B 


Do not move 
your head. 






Measure the time 
for the moon to 
move from A to B. 


(1 1. How many minutes did it take the moon to pass across 
the wire? 


Your answer to question | is a very interesting measure- 
ment. Figure 3 may help you figure out what it means. The 
drawing is based upon an assumption. That assumption is 
the earth’s motion makes the moon appear to move. 





The correct timing of the passage of the 
moon across a wire is the crucial point. In 
order to get a reasonable measurement, the 
wire should be in such a position that it is at 
a right angle to the moon's orbit so that the 
moon will pass straight across the wire and 
not laterally along it. The actual time of pas- 
sage will be relatively short, but it may take 
considerably longer to get in the proper posi- 
tion for the sighting. 


1. The time should be about 2 minutes. For 
simplicity in the calculations, you may want 
the students to round off the reading to the 
nearest minute, and not use a fraction or a 
decimal of a minute above or below the two 
minutes. Question 2 is just a reaffirmation of 
this same reading of 2 minutes. Question 3 is 
24 hours per rotation multiplied by 60 min- 
utes per hour, or 1440 minutes per rotation. 
In question 4, 1440 minutes per rotation di- 
vided by 2 minutes per diameter gives 720 
diameters per rotation. 


Figure 3 


Position of wire at 
-~ — start of timing 







1 moon diameter 





Position of wire 


a s at end of timing 
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Figure 4 


Moon orbit 


5. The calculation should show 2 400 000 km 
per rotation divided by 720 diameters per ro- 
tation, or about 3330 km for the diameter. 
The accepted astronomical figure is 3456 
km, which means that the student measure- 
ment is smaller by less than 4%. This could 
be considered a remarkably accurate ac- 


complishment. 






42 


Moon 


385 000 km 


@ 


Earth 


EXCURSION 4-1 


The rotation of the earth moves wire and observer to a 
new position with respect to the moon. Since observers 
think themselves motionless, they naturally believe the 
moon has moved. 


L] 2. In question 1, you recorded the minutes it takes for 
the wire to sweep across One moon diameter. How many 
minutes did this sweep take? 


L] 3. How many minutes does it take the earth to make one 
complete rotation? 


L] 4. How many moon diameters would a telephone wire 
sweep across in one full day? (Hint: You know the time 
needed to sweep across one moon diameter. You also know 
how many minutes there are in one full day.) 


You now have enough information to calculate the 
moon’s diameter. Your answer to question 4 tells you how 
many moon diameters there are in one moon orbit. Figure 4 
illustrates this. 

You also know the length in miles of the moon’s orbit 
(2 400 000 km). The following relationship allows you to 
make the final calculation. 


Diameter of Length of moon’s orbit (km) 
moon (km) + Number of moon diameters in one orbit 


L]5. What is the diameter of the moon? 


Figure 5 


SPECIAL NOTE TO STUDENTS ON CALCULATING 
THE LENGTH OF THE MOON’S ORBIT 


Are you wondering how the moon’s orbit was measured? 
In Chapter 4 you learned that the moon is about 385 000 km 
from the earth (Figure 5). 


You may know that the distance around any circle (cir- 
cumference) may be found by multiplying the distance 
across the circle, through its center (diameter) by a constant 
called 7 (pronounced “‘pie’’). The value of 7 is approxi- 
mately 7? , or 3.14. With this in mind: 


aq X distance across 

a X 2 X half the distance across 
3.14 x 2 X half the distance across 
= 6.28 x half the distance across 


Distance around 


In Figure 5, ‘‘half the distance across’’ the circle is the 
distance from the earth to the moon. Thus we write: 


Length of the moon’s orbit 
= 6.28 x distance from the earth to the moon 
= 6.28 X 385 000 km 
= 2 400 000 km 


An astronomical oddity is the fact that, seen 
from the earth, both the moon and the sun 
measure about 3° in the sky. This is about the 
width of a pencil held at arm’s length. It is 
because of this odd fact that the moon can 
exactly eclipse the sun at times when they 
line up in the heavens. This also gives an 
alternative method for doing the problem. If 
the earth rotates on its axis through 360° in 
24 hours, then it rotates 15° per hour. That is 
15 divided by 60, or 4° per minute. To go 3°, 
then, would require 2 minutes, which is the 
time the student should have observed. Di- 
viding ° per 2 minutes by 360° per rotation 
gives 725 Of a rotation in 2 minutes. 75 of the 
orbital distance of 2 400 000 km is the same 
3330 km. 


EXCURSION 4-1 43 








CHAPTER EMPHASIS 


Starting with the distance from Earth to 


a 
Venus as a base line, the range-finder 
method can be used to find the distance to 


the sun. 
= FILMSTRIP KEY 
= iS ance (Enrichment) 
How Far Is That Star? 
to the Sun» 


Excursions 5-1,.5-2, 5-3, and Resource 9 are Per student-team 


keyed to this chapter. 1 protractor 


1 drawing compass 
Excursion 5-1 is a short general-interest Map pins 
exercise requiring no equipment. It is titled 1 metric ruler 
“What's Radar?” Cardboard to place drawing on 


Years ago, scientists discovered an interesting way to lo- 
cate objects at a distance. They used radar. Using radar, 
they could measure the distance to the moon and to some of 
the planets. They found, for example, that Venus, when 
closest to Earth, is about 42 million km away. If you are 
interested in information about using radar to measure dis- 
tances, see Excursion 5-1, ‘“‘What’s Radar?’’ It explains 
why radar isn’t used to measure the distance to the sun. 

The measurement of the distance to Venus has proved 
useful. This distance can be used in determining how far the 
sun is from Earth. Let’s see how. 


9. The distance to the sun is about 149 mil- 
lion km. 


Line of sight 


Sighting line 







Base line 


L] 5-1. How could the distance from Earth to Venus be 
used in measuring the distance to the sun? 
Question 5-1 is a difficult question. If the 


student suggests the distance might be used 
as a large base line, that is an excellent an- 


MAJOR POINTS 


1. The sun is the center of the solar system. 
2. Venus and Earth are planets in the solar 
system and move in nearly circular orbits in 
the same plane around the sun. 

3. The Venus orbit is within the Earth orbit. 
4. The angular speed of Venus is greater 
than that of Earth; therefore, Venus and 
Earth are constantly changing relative posi- 
tions. 

5. The angle between the lines of sight to 
two bodies is called the sighting angle. 

6. The largest angle between the Earth- 
Venus line and the Earth-sun line occurs 
when the Earth-Venus line just touches the 
orbit of Venus. 


< EXCURSION] 


7. Using the largest sighting angle, the orbit 
of Venus and the orbit of Earth can be drawn 
to scale. 

8. Knowing the minimum distance from 
Earth to Venus, the distance from Earth to 
the sun can be calculated from the scale 
drawing. 


Figure 5-1 


Parallel sighting line 
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swer. The purpose of the question is to en- 
courage reading of the lead information, 
which focuses on the problem in the chapter. 


5-2. The base line is too short; thus the sight- 
ing angle is too small to measure. 


Figure 5-2 





Notice that in Figure 5-2, the base line is not 
perpendicular to the sighting line from Earth 
to the sun. This may confuse some students. 
You may have to point out that it is not 
necessary for it to be perpendicular, and the 
method still works as long as the sighting 
line and the parallel sighting line are parallel. 
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Figure 5-1 shows how the range finder used in the last 
chapter works. Take a close look at the figure. Then answer 
question 5-2. 


[] 5-2. Why can’t the range finder you used in Chapter 4 
measure large distances? 


The distance across Earth is too small a base line for the 
range-finder method to be used to measure the distance to 
the sun. But suppose the distance from Earth to Venus 
could be used as a base line (Figure 5-2). 


L] 5-3. What problems would there be in using the scheme 
in Figure 5-2? 
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Large sighting angle could be used 
to find the distance to the sun. Parallel sighting line 


Obviously, you can’t easily get to Venus to make a sight- 
ing of the sun. This alone seems to make the plan shown in 
Figure 5-2 impossible. But there’ is another way to use the 
distance between Earth and Venus. You must first work 
with a model of the position of Venus in relation to Earth 
and the sun. Column 2 of Table 5-1 and the activities that 
follow will help you do this. Column 1 lists the basic facts 
used in making the model. 

Do you know what a model is? If not, do Resource 12, 
‘*Model Building,’ before going on. 


Table 5-1 





Basic facts Effect on drawing of model 





1. Sun is shown as center of 
drawing. 


1. The sun is the center of the 
solar system. 


2. Earth and Venus are planets 2. Venus and Earth are shown 
revolving around the sun. as moving around the center 
(sun). 


3. Venus and Earth move in the 3. Both Earth and Venus can be 
same plane. drawn on flat paper. 


4. Both Venus and Earth move 4. Orbits are shown as circles. 
in roughly circular paths 
(orbits). 





5. Venus’s orbit is drawn 
smaller than Earth’s orbit. 


5. Venus is closer to the sun 
than Earth is. 





Questions 5-4 through 5-7 relate to Table 5-1. 


L] 5-4. Why is the sun placed at the center of the drawing? 
L] 5-5. What does ‘‘in the same plane’’ mean? 


L] 5-6. Why are the orbits of Venus and Earth represented 
by circles in your drawing? 


L] 5-7. Why is the circle for Venus’s orbit smaller than the 
circle for Earth’s orbit? 


ACTIVITY 5-1. Remove the page with the circles on it from 
your Record Book. Then label the sun. 


ACTIVITY 5-2. Place a map pin anywhere on the line of each 
of the two circles. These will represent Earth and Venus. 
Place another pin in the center of the circles to represent the 
sun. You may want to use different-colored pins. Use 
cardboard backing under the circles to hold the pins. Tape 
the drawing to the cardboard. 






Earth’s orbit Venus’ orbit 


ee 





5-8. Venus travels around the sun 365/225 
times as fast as Earth does. This is 1.62 times 
as fast. Figure 5-3 should show Earth back in 
the same position from which it started and 
Venus making about 1.6 revolutions from its 
starting point. 


Figure 5-3 


Venus here on day 1 
O 


Astronomers have known for many years that 
Venus’s orbit is within Earth’s orbit, because 
Venus is always seen as a morning or an 
evening ‘‘star.’’ It never gets farther than 
about 46° from the sun and is never seen late 
at night, as are Mars and Jupiter. 
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Earth here on day 1 
and day 365% 





Now use your model—the pins and circles—to study the 
motions of Venus and Earth with respect to each other. To 
do this you will have to add two more facts to your list. 


1. Earth travels completely around its orbit once every 
365.25 days. 

2. Venus takes 225 days to make one complete orbit 
around the sun. 


C1 5-8. Suppose the planet Earth made a complete orbit 
around the sun. During that time, would Venus have made 
more or less than one orbit around the sun? (Answer by 
drawing the approximate position of Venus in Figure 5-3 in 
your Record Book.) 


L] 5-9. Does Venus travel faster, or slower, than Earth as it 
moves around the sun? 


5-9. Faster. The more obvious reference is to 
angular speed. It travels one revolution (360°) 
in 225 days while Earth requires more than 
365 days to revolve around the sun. Not so 
obvious, and not important for the student to 
know, is the fact that, being closer to the sun, 
Venus also travels at a faster linear speed by 
about 20%. Thus it not only has a shorter 
distance to go for one revolution, but travels 
the distance at a faster rate as well. 


The last activity gives an idea of the paths and movement 
of Venus and Earth. You are to visualize what the motion 
of Venus would look like from Earth. Once again, your 
model can help. 





ACTIVITY 5-3. Arrange the pins as shown. 


Move the Earth and Venus pins to other points along 
their circular orbits. Notice that the three pins always form 
a triangle (except when they are lined up). See Figure 5-4. 


Figure 5-4 





L] 5-10. In Figure 5-4, which drawing shows the pins not in 
a triangle? 


Imagine yourself standing on Earth looking at Venus and 
the sun. Activity 5-4 will help you visualize this. 


ACTIVITY 5-4. Look at eye level from behind the pin repre- 
senting Earth along the paper toward the sun. Then repeat 
from Earth toward Venus. The pins should be arranged as in 
Activity 5-3. 





This sighting of the anige between the two 
lines formed by the pins (or other objects) is 
somewhat difficult, but important. You may 
have to provide help to some students. 
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Resource 9 provides help on the use of a 
protractor. Protractors differ, and the stu- 
dent may need practice on the particular 
kind that is available, even though one might 
have been used previously. 


The number of degrees in question 5-14 may 
vary, but this is not important. More impor- 
tant is the concept in question 5-13: that the 
angle will be greatest when the line of sight 
to Venus just touches the orbit circle. Of 
course, the angle will be smallest (0°) when 
the sun, Earth, and Venus are in a straight 
line. 
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11 5-11. In Activity 5-4, what measurement could be made 
to describe the position of Venus with respect to the sun 
and Earth? 


Question 5-11 is not easy. The answer is ‘“‘the angle 
formed by line EV (the line of sight from Earth to Venus) 
and line ES (the line of sight from Earth to the sun).”’ This 
angle can be used to describe the position of Venus with 
respect to the sun and Earth. ~ 


1) 5-12. As Venus and Earth move in orbit, what two things 
happen to the angle formed by EV and ES? 


ACTIVITY 5-5. Experiment by moving Earth and Venus until 
you find the position at which the EV-ES angle is greatest. 
Measure this angle with a protractor. (See Resource 9, 
“Measuring Angles,” if you don’t know how to use a protrac- 
tor.) 


EV-ES angle 


L] 5-13. When is the EV-ES angle greatest? 


L] 5-14. What number of degrees are there in the greatest 
possible EV-ES angle? 


L] 5-15. When is the EV-ES angle smallest? 


Check your answers to questions 5-13 through 5-15 by 
examining Figure 5-4 again. 

The greatest EV-ES angle occurs when the line of sight 
from Earth to Venus just touches, but does not cut, the 
orbit of Venus. (See Figure 5-5.) 


Figure 5-5 









Venus’ orbit 


— Earth’s orbit 


Earth 


These lines cut 
through the orbit 
of Venus. 


This line touches the orbit of 
Venus, but does not cut through it. 
It is called a tangent line. 


Figure 5-6 
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Measuring the real EV-ES angle is easy for astronomers 
(see Figure 5-6). They have found that the greatest EV-ES 
angle averages 46°. 

What does this have to do with how the distance from 
Earth to the sun is measured? That was the question that 
started this discussion of EV-ES angles. 


(1) 5-16. What is the largest average Sun-Earth-Venus 
angle astronomers have measured? 


The orbits of Earth and Venus are not perfect 
circles but, rather, slightly elliptical. This 
means that there are points on the Earth 
orbit where sightings to the Venus orbit can 
vary by a number of degrees. For instance, if 
the sighting is made when Earth is farthest 
out on Its ellipse and Venus is closest to the 
sun on its ellipse, the angle will be smaller 
than if Earth is closest to the sun and Venus 
has swung out to its greatest distance. But 
using circular orbits of the average distances 
to the sun as the student is doing, the 
greatest angle is about 46°. 


From this point on in the chapter, drawings 
will be made to scale and angles measured 
accurately. The success of the distance mea- 
surements to the sun depends on these ac- 
curate measurements. 
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ACTIVITY 5-6. In the space provided in your Record Book, 
draw a circle with a 7.5-cm radius to represent the orbit of 
Earth. Draw in an Earth-Sun (ES) line as shown. 


ES line 


Earth 


ACTIVITY 5-7. Using your protractor, draw in the Earth-Venus 
(EV) line for the largest EV-ES angle (46°). 


At this largest angle, the orbit of Venus just touches and 
does not cut this EV line. 


Earth 





The location of the “Venus” dot may be 
tricky. Geometrically, it is on the perpendicu- 
lar from the sun to the EV line. 


ACTIVITY 5-8. Using a compass, draw the orbit circle for 
Venus. Remember, the circle should just touch the sighting 
line. At the exact point where the sighting line touches Ve- 
nus’s orbit, make a small dot and label it ‘“Venus.”’ 


The drawing you just made is a scale drawing of the 
actual orbits of Venus and Earth. It can be used to deter- 
mine the distance from Earth to the sun. Before you do this, 
be sure you know what a scale drawing is by doing the 
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Scale: 1 cm =1m 


———— Height 


— Width ———> 


CHECKUP 5-1 Excursion 5-2, keyed by the Checkup, is re- 
medial on the use of scale drawings. 


Here is a scale drawing of a packing crate. 
1. How high (in metres) was the crate from which the scale 
drawing was made? 

2. How wide (in metres) was the actual crate? 
Check your answers to this Checkup on page 57 of Excur- 
sion 5-2., *‘Scale Drawings.”’ 

5-17. This distance should be about 21 mm. ; 
L] 5-17. Measure on your scale drawing from Activity 5-8 Figure 5-7 
the distance between Earth and Venus when they are 
closest together. This will be when Earth, Venus, and the 
sun are lined up. Also Earth and Venus are on the same side 
of the sun. See Figure 5-7. 


i 


L) 5-18. What is the distance in mm between E and V on 
your scale drawing? 


The distance you just measured in millimetres represents 
42 million km (see Table 5-2). This is the actual distance 
from Earth to Venus when they are closest. 


L] 5-19. By your scale, how many km are represented by vanes 


each mm? 5-19. Each mm represents about 2 000 000 
km (42 000 000 + 21 = 2.000 000). 
Check your answer: 14 Angle = 0° 
1. Did you divide 42 000 000 by your answer to question Sailor 
5-18? 
2. Did your answer to 5-19 look close to this: Imm = 
2 000 000? Earth 


3. If your answer to either | or 2 is no, check further with 
your teacher. 


=—=~-@ -----7---@ ------___--___-_... 


Record your answer to question 5-17 in Table 5-2. CHAPTERS 53 


5-20. Venus to the sun: about 54 mm, which 
equals 108 million km at the scale deter- 
mined in questions 5-17 and 5-19. Earth to 
the sun: 75 mm, which gives 150 million km 
at the same scale. 


Excursion 5-3 is a remedial excursion for 
those having calculating troubles. 


GET IT READY NOW FOR CHAPTER 6 


There are several items that must be 
supplied locally. These include pieces of 
cardboard 4 cm square and pieces 13 cm by 
20 cm. The cardboard backs from used tab- 
lets will do very well. You will also need 
single-edged razor blades, scissors, and a 
needle or other sharp instrument for making 
a small round hole. 
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Table 5-2 





C) 5-20. Using your scale drawing, measure (in millimetres) 
the distance from Venus to the sun. Then measure the dis- 
tance from Earth to the sun. Record your measurements in 
Table 5-2. ; 


You now have enough information to complete the prob- 
lem you started at the beginning of Chapter 5. Just use the . 
data in Table 5-2 and your scale. You can calculate the 
distance of the sun from Earth. You can also calculate 
the distance of the sun from Venus. 


L] 5-21. Using your scale of 1 mm = 2 000 000 km, calculate 


the distance in km from Venus to the sun and from Earth © 


to the sun. Record the results of your calculations in 
Table 5-2. 


A good check on your work is to see if the sum of your 
actual Venus-to-sun distance and Earth-to-Venus distance 
equals the Earth-to-sun distance. If the calculations of 
question 5-21 proved difficult, Excursion 5-3, ‘‘Practice in 
Using Scale Drawings,’’ will help you. 

You should now have the information you set out to find 
at the beginning of Chapter 4. You now know a way to 
calculate the distance from Earth to the sun. Astronomers 
have found the average distance from Earth to the sun to be 
roughly 149 million km. Do your results agree? 


Before going on, do Self-Evaluation 5 in your Record Book. 


What is radar? The name radar was coined from the words 
RAdio Detection And Ranging by two United States naval 
officers, F. R. Furth and S. M. Tucker. Radar is the process 
of using radio pulses to locate an object. In the process, 
very short powerful pulses of radio energy are transmitted. 
They bounce off the object and return to the sending station 
a bit weaker. 

Radar technicians measure how long it takes for a pulse 
to travel to an object and back. The longer it takes the pulse 
to return, the farther away the object. 

Thus, the time of travel of the pulse determines the dis- 
tance a target is from the radar set. 





This is precisely how radar was used to measure the dis- 
tance to Venus. Radio pulses travel at 300 000 km/sec. A 
pulse of energy was beamed at Venus. Then the radar 
operator waited until the antenna received the reflected sig- 
nal. Since the round-trip time was about 280 seconds, the 
one-way trip took half this time; that is, the pulse required 
140 seconds, or 2.33 minutes, to travel from Earth to Venus 
(Figure 1). 


Re 


Excursion 5-1 
What’s Radar? 


EQUIPMENT 
None 


PURPOSE 


To explain how radar is used for the mea- 
surement of astronomical distances. 


This is a general-interest excursion, with 
practice in using distance calculations. 





MAJOR POINTS 


1. Radar uses radio pulses to detect the lo- 
cation of an object. 

2. Radio pulses travel at a speed of 300 000 
km per second. 

3. The distance to an object can be com- 
puted by taking half of the round-trip time for 
a pulse to travel to the object and back. 

4. Many different objects can be located by 
radar. 

5. Radar is ineffective in accurately measur- 
ing the distance to the sun. 
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FS EAS SENT 2.33 minutes, one way 


0 1) 1) Ovi el 


The student may recognize 300 000 km per 
second as the speed of light and, in fact, of 
all electromagnetic radiation. Note that the 
280-second round-trip time is for the situa- 
tion when Venus is closest to Earth, and 
when Earth, Venus, and the sun are in a 
straight line. 


The student may not know how to use speed 
and time to find distance, and may need 
help. Speed x time = distance. The answers 
to the three questions are as follows: 
1. 300 000 km/sec x 60 sec/min 

= 18 000 000 km/min 
2. 18 000 000 km/min x 2.33 min 

= 41 940 000 km 

3. Same as 2 (42 million km) 
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You probably know how to use speed and time mea- 
surements to find the distance traveled. 


Figure 1 


[11. How far will a radio pulse travel in 1 minute if it 
moves 300 000 km/sec? 


L] 2. The pulse takes 2.33 minutes to travel from Venus to 
Earth. How far has the pulse traveled? 


L]3. How far is Venus from Earth? 


Using the methods discussed above, radar locates 
airplanes, ships, birds, thunderstorms, artificial satellites, 
and planets. The same principle has also been used to mea- 
sure the distance to Mars, Mercury, and of course to our 
moon. 

So far, scientists have not been able to use radar to accu- 
rately measure the distance to the sun. Being a body com- 
posed mainly of hot gases, the sun is what scientists call a 
‘‘soft’’ target. (A hard target would be a planet.) Therefore, 
radar can give the distance to Venus to use as a base line in 
measuring the distance to the sun. But it cannot accurately 
give the distance to the sun. 


_ If you know the scale used in a drawing, you can determine Excursion 5-2 
the actual size of the object drawn. Look at Figure 1. It is a 














simple plan for a new building. Scale Drawi ngs 
Figure 1 EQUIPMENT LIST 
Metric ruler 
Plans For Acme Warehouse PURPOSE 
Scale: 1 cm = 10m Office To acquaint the student with the use of scale 
drawings. 


This is a remedial excursion that students 


Storage area ‘ 
should do if they do poorly on the Checkup. 


“ity = 


MAJOR POINTS 


1. If you know the scale of a drawing, you 
can determine the size of the object drawn. 
2. The actual size of an object is equal to the 
measurement on the drawing multiplied by 
the scale used. 


(111. What scale did the architect use? - 3. Actual distances can be found from a map 
by using the scale in the same way. 


[]2. How many centimetres wide is the storage area as 
shown in the drawing? 


(13. When the warehouse is actually built, how wide will Annawersde Choskup 541 


the storage area be? 1. 4 metres 
2. 3.5 metres 


Your answer to question 2 should be 4 cm. The answer to as art eee 
3 should be 40 m. (This results from multiplying 4 x 10. Pate iteian ake ied opal | 
Remember that 1 cm on the drawing represents 10 m in the 
finished building.) 


(4. Use the information in Figure 2 to answer these ques- 
tions: 


Figure 2 
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Answers given are in round numbers. If you 
are consulted about any missed parts to the 
question, you will have to use your judgment 
concerning further action. It may only re- 
quire a moment of time to straighten out the 
difficulty, or it may indicate that the student 
should repeat the excursion. You might even 
want to devise another simple exercise on 
scale drawings for additional practice. 


Excursion 5-3 


Practice in Using 
Scale Drawings 


EQUIPMENT LIST 


Metric ruler 


PURPOSE 


To give additional practice in measuring ona 
scale drawing and using the measurements 
to find actual distances. 


MAJOR POINT 


Actual distances can be found by multiplying 
the distances measured on a drawing by the 
scale of the drawing. 


This is a remedial excursion that is designed 
to help those who are having, difficulty find- 
ing the required distances at the end of 
Chapter 5. 
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What is the actual distance 
A. from Boston to Chicago? 
B. from Chicago to San Francisco? 
C. from Chicago to New Orleans? 


If your answers to question 4 were A. 1344 km, B. 2880 km, 
and C. 1344 km, you are ready to continue with Chapter 5. 
If you missed any of the parts to question 4, consult with 
your teacher before going ahead. 


How can you find the distances from Earth to the sun and 
Venus to the sun by using a scale drawing? The sketch in 
Figure 1 is a scale drawing. Measure the distances shown 
on the drawing: VS, ES, and EV. Try it. 


Figure 1 





Compare your results with the figures in Table 1. Remea- 


sure any distances that do not agree with the numbers in the 
table. . 





(11. From Table 1 you see that 17 mm on the drawing 
represent 42 000 000 actual km. How many actual km would 
be represented by 1 mm? Of course, 77 as many km, or 1 
mm on the drawing, represents 77 < 42 000 000 actual km = 
how many km? 


L] 2. How many actual km would represented by 2 mm on 
the drawing? 


CL] 3. Now figure out the Venus-sun distance for Table 1. 
How many actual km are represented by 43 mm? Forty 
three mm in the drawing represent #2 X 42 000 000 actual km 
= how many km? 


L) 4. Using the same method, you can find the Earth-sun 
distance. The Earth-sun distance on your drawing is 60 
mm. How many actual km are represented by 60 mm? 


You should have gotten about 106 000 000 actual km as 
an answer for question 3. About 148 000 000 actual km 
should be your answer for 4. Record these results in Table 1 
in your Record Book. Now return to Chapter 5 and com- 
plete Table 5-2. If you continue to have difficulty, consult 
your teacher. 





Table 1 


If the student is still having difficulty at this 
point, and consults you, it may help to break 
the “‘system”’ into its components to try to 
locate the trouble. The system of getting ac- 
tual distances from a scale drawing involves 
two subsystems: 

1. Making the measurement. 

2. Converting the measurement to distance. 
Under “making the measurement” could be 
the components of (a) using the proper scale 
(if there is more than one) on the ruler, (b) 
placing the ruler on the proper line, (c) hav- 
ing the zero of the ruler on one end of the 
line, (d) reading the ruler correctly. 

Under “converting the measurement to ac- 
tual distance” could be the components of 
(a) using the proper mathematical operation 
(multiplication), (b) multiplying correctly, 
and (c) copying the result correctly. 
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Excursion 6-1 is keyed to this chapter. 


How Big 
Is the Sun? 


CHAPTER EMPHASIS 


The size of a distant object may be measured 
by projecting its image on a screen and 
using a simple mathematical relationship. 


FILMSTRIP KEY 


Measuring The Sun's Size 


In this chapter another measurement of the sun is made. 
This time you will try to find out how far it is across the sun. 
Obviously, measuring the distance across an object that is 
149 million km away is a bit complicated. 


But with a little thought, the job can be done fairly easily. 
To make your measurements, you and a partner will need 
these materials: 


1 cardboard sighting scope, with frosted grid 
1 light-intensity board 

1 150-watt bulb and socket 

1 metrestick 

Tape 


See instructions in the Teacher’s Front Mat- 
ter for making the cardboard sighting scope. 
Be sure that the 1-cm hole in the light- 
intensity board is square and lines up with 
the brightest part of the bulb when mounted. 






ACTIVITY 6-1. Tape the light intensity board in front of the 
light bulb as shown. Be sure the brightest part of the bulb is 
lined up with the square hole. 

For what follows, you will need a level space behind the 
bulb of up to 1 metre and about 1 metre in front of the bulb. 
This space is needed so either the bulb or sighting scope can 
be removed. 





EQUIPMENT LIST 
Per student-team 


1 cardboard sighting scope, with frosted 
grid 

1 150-watt bulb and socket 

1 metrestick 

Tape 


MAJOR POINTS 


1. An image of a bright object can be pro- 
jected through a pinhole onto a screen. 

2. There is a mathematical relationship be- 
tween size of object, size of image, distance 
from. pinhole to object, and distance from 
pinhole to image. 

3. This relationship can be used to find the 
diameter of the sun, when the distance to the 
sun is known. 

4. The sun is a huge body more than 100 
times the diameter of the earth. 

5. It is possible to measure objects at great 
distances. 


1-cm square hole 


Board taped 
to socket 
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As the light source is moved away from the 
pinhole, the image will be much dimmer. It 
will be even more important to have the 
screen protected from extraneous light. 
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ACTIVITY 6-2. Support the sighting scope on books so that it 
is level. The tube should point straight at the square hole. 
The end with the pinhole should be pointed toward the light. 
Have the tube at its shortest length (small tube pushed in all 
the way). Gradually move the light bulb and cardboard away 
from the tube until an image of the square hole just fills 1 cm? 
(4 small squares) on the frosted grid. 


Sighting scope at 
its shortest length 





Frosted grid 
Image 


ACTIVITY 6-3. To see the square image on the frosted grid, 
you must look straight into the screen. It helps if the screen is 
in a darker part of the room. You may want to use large 
cardboard cartons as light shields around the ends of the 
telescoping tubes. When you see the image, you can mea- 
sure distances needed to answer the questions that follow. 


16-1. What is the distance (in cm) from the pinhole to the 
square hole in the light-intensity board? 


CL] 6-2. What is the distance (in cm) from the pinhole to the 
grid (the length of the cardboard tube)? 


Hopefully you’ve made careful measurements. You’ve 
found the distance from the pinhole to the grid. The dis- 
tance from the pinhole to the square hole in:the card should 
be about the same distance. The square hole is the light 
source. 

Now move the light-intensity board away from the 
pinhole. Move it until only one square on the grid is filled 
with the image. See Figure 6-1. 


L] 6-3. Now what is the distance (in cm) from the pinhole to 
the square hole in the light-intensity board? 


The new distance you just measured should be about 
twice the distance from the pinhole to the grid. 


L] 6-4. How many times bigger is the distance across the 
square hole in the cardboard (1 cm) than the distance across 
the image (0.5 cm)? 


Perhaps you are beginning to see some relationships 
here. The distance from the pinhole to the screen and the 
size of the image are related. You can use this relationship 
to measure the size of a bright object such as the 150-watt 
bulb. Let’s see how this can be done. 

Here’s the relationship you need. 


Distance across the object 
(the square hole in the = 
intensity board) 


Here’s an example of how the relationship can be used. 


The distance from the pinhole to the square hole in the 
cardboard is 84 cm. The distance from the pinhole to the 
grid (the length of the tube) is about 42 cm. The width of 
the image on the grid is 0.5 cm. All of this is shown in 
Figure 6-2. 


Distance from the object to the pinhole 
Distance from the pinhole to the grid 


With the telescoping tube at its shortest 
length, the distances for questions 6-1 and 
6-2 should both be about 42 cm. 






Figure 6-1 


Image on 
grid 


You may recognize this mathematical rela- 
tionship as the modified lens formula: 


Ho _ DO where Ho = size of object, Hi = 
Hi Di 


size of image, Do = distance from pinhole to 
object, and Di = distance from pinhole to 
image. 


Distance across 
x the image on 
the grid 
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Figure 6-2 





84 cm 
42 cm 


84 cm 
42 cm 


=e Cin 
="1.cm 


x distance across 
the image 


<2 08cm: 


Distance across the 
square hole 








Now check to be sure that your answers to questions 6-1, 
6-2, 6-3, and 6-4, fit the relationship. For example, in order 
for your answers to 6-1 and 6-2 to fit, they must be equal.. 
This is because the object and image width are the same 
size at that setting. 

Part A in Figure 6-3 shows how you can calculate the 
distance across the sun. You can do it the same way that 
you just calculated the distance across the hole in the light- 
intensity board (Part B of Figure 6-3). All you need do is set 
up the sighting scope so that the pinhole faces the sun. 


When the scope is lined up, the sun’s image will fall on the 
Figure 6-3 screen. 


i 150-watt Cardboard Hole : 
Frosted grid bulb with hole Frosted grid 


« ~ aay, 


Distance A ae B a }~— Distance A Distance B 


Image B Image of 
of sun square hole 





Safety Note Remember, you should never look directly at 
the sun. Do not look through the sighting tube at the sun. 


Once you have an image of the sun on the grid, you can 
get everything needed to calculate the distance across the 
sun. You've already calculated the distance from the sun to 
the pinhole—149 million km. This is the distance of the sun 
from Earth. Thus: 


Distance across the sun = 149 000 000 km 


Distance from pinhole to grid 


Now you need to measure the width of the image on the 
screen. 


ACTIVITY 6-4. Try to line up the tube with the pinhole end 
pointing directly at the sun as shown. Don’t look through the 
tube. Sight down it until you get an image of the sun on the 
grid. 


If an adjustable stand of some kind can be 
used to hold the tube, much better results 
can be achieved. Also, a darkened room 
helps alot. Of course, a cloudy day ruins this 
activity. 
ACTIVITY 6-5. Once sunlight is on the grid, slowly move the 
two sections of the tube apart. Do this until a sharp image of 
the sun forms on the grid. DO NOT LOOK DIRECTLY AT THE 


SUN. 





Even though there is a safety note for the 
students, it might be wise to remind them 
that, although they looked directly into the 
screen when getting the square image with 
the light bulb, they should not use the same 
technique with the sun. However, the sun’s 
image is so much brighter that it can easily 
be seen without looking directly. 


x Distance across the image 
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You may want to use a box with a pinhole for 
establishing distance. Tape graph paper to 
the inside end of box for the image. 


ACTIVITY 6-6. Continue to adjust the length of the tube. The 
image of the sun should just fit inside one of the 0.5-cm 
squares. It should just touch the four sides of the square. 
Measure the distance from the grid to the pinhole (the total 
length of the tube). 


Image of sun 





lf the student has made fareful measure- 
ments, the distance from the pinhole to the 
screen should be about 54 cm (question 6-5). 
Anywhere in the 52-58 cm range should be 
considered adequate. The image of the sun, 
though distinct, is fuzzy enough on the 
screen to make it difficult to exactly fit it into 


Distance across the sun = 


one square. Using 54cm, the distance across 
the sun (question 6-6) becomes 1 380 000 
km. The diameter generally used in as- 
tronomy is 1 390 000 km. An answer any- 
where between 1 340 000 km and 1 440 000 
km should be acceptable. 


GET IT READY NOW FOR CHAPTER 7 


Small pieces of cardboard and string will 
have to be supplied locally. Students will 
also need a sheet of white paper. 


Excursion 6-1, ‘“‘Moon Gazing,” is a fun 
exercise in which the student constructs a 
simple telescope not too unlike the one 


made by Galileo. 
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on grid 


L] 6-5. What is the distance in cm from the pinhole to the 
grid? 


Now you have all the data you need to calculate the 
distance across the sun by using the relationship. 


149 000 000 km 


a Sem 
Distance from pinhole to grid in cm 


L] 6-6. What is the distance across the sun in km? (If you 
make the calculation shown above, your answer will au- 
tomatically come out in km because the centimetres cancel 
out.) 


You may have been surprised to learn how large the sun 
really is. Its diameter is far greater than the diameter of the 
moon’s orbit around the earth. You should also realize that 
with careful thinking and a few measurements and calcula- 
tions, astronomers can provide answers that at first seem 
impossible to get. 

If you would like to make your own telescope and get a 
good look at the moon, do Excursion 6-1, ‘‘Moon Gazing.”’ 


Before going on, do Self-Evaluation 6 in your Record Book. 





A Dutch eyeglass maker, Hans Lippershey, discovered the 
principle of the telescope. He found that an eyeglass lens 
can focus light coming from a distant object. As light passes 
through the lens, the light rays are brought closer together. 
They eventually cross and can form an image on a flat sur- 
face. The crossing of the light rays produces an upside- 
down image of the object. Figure | illustrates this. 


Excursion 6-1 
Moon Gazing 


This is a general-interest and extension ex- 
cursion. 





Focused Lens 
image 


Lippershey found that such a lens could be placed in one 
end of a cylinder. A smaller lens, placed at the other end, 
could be used to magnify the image. See Figure 2. 


Magnified image as 


Lens of telescope seen by observer 
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Lippershey probably didn’t think of using his telescope 
to look at the stars or moon. But others who heard of the 
new device did. Soon instruments were being made just for 
that purpose. The scientist Galileo made his own telescope 
and used it for sky gazing. Perhaps you’ve heard of him. 
He’s the same fellow who tested the idea that objects with 
different masses fall at the same rate. 

People who use telescopes don’t just want to see distant 
objects. They want to see as much detail as possible. To 
understand how this is achieved, you need to know a bit 
more about the lenses in the telescope. 

The distance from the object lens to its focus is called the 
focal length of the object lens. Likewise, the distance from 
the eyepiece lens to its focus is the focal length of the 
eyepiece. 


Object lens 


Distant 
object 


PURPOSE 


To construct a simple astronomical telescope 
and study the principles of its operation. 


Figure 2 


EQUIPMENT LIST 


1 sighting scope 

1 object lens, 34 mm in diameter 

1 eyepiece lens, 25 mm in diameter 

1 piece white cardboard, 15 cm square 
1 metrestick 

Masking tape 

1 sliding lens holder 

1 150-watt bulb and socket 


MAJOR POINTS 


1. Alens can focus light rays from an object 
to form an inverted image. 
2. A lens can be used to magnify an image. 
3. The distance from the lens to its focus is 
called the focal length of the lens. 
4. The power of a telescope is equal to the 
focal length of the object lens divided by the 
focal length of the eyepiece. 
5. An astronomical telescope forms an in- 
verted image. 
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6. The diameter of the object lens is a mea- 
sure of the light-gathering ability of the lens. 








Eye piece Object lens 


The study of lenses and their uses in tele- 
scopes can be a complete subject in itself, 
and is far beyond the capabilities of the stu- 
dent at this point. For your information, the 
type of telescope discussed in this excursion 
is called a refractor, because it focuses light 
by refraction, or bending. The largest refract- 
ing telescope of this kind is the 40-inch in- 
strument at Yerkes Observatory. This is 
about thirty times the diameter of the 34-mm 
lens used here. The light-gathering ability is 
proportional to the square of the diameter, 
so the Yerkes instrument collects 30 
squared, or 900, times as much light. Instru- 
ments larger than this have been found to be 
impractical because of the tendency of the 
huge lens to sag, distorting the image. Thus, 
all the larger telescopes today are reflectors, 
which form an image by the reflection of 
light. The mirror can be adequately sup- 
ported from the rear, so there is little distor- 
tion. The largest of these in use at present is 
| the 200-inch Hale reflector, which gathers 
| over 22,000 times as much light as your little 
© lens. With this amount of light to work with, 
7 eyepieces can be used that give tremendous 
magnifications. 
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The power or magnification of a telescope is calculated 
by using the following equation. 
Focal length of object lens 


P - ; 
pata Focal length of eyepiece 


(11. Suppose a telescope has an object lens with 30-cm 
focal length and an eyepiece lens with 5-cm focal length. 
What is the power of the telescope? 


The greater the. focal length of the object lens as com- 
pared with the focal length of the eyepiece, the greater the 
magnification. However, when you magnify size, you also 
magnify the effect of motion. So the greater power the tele- 
scope has, the steadier it must be held. Even the slightest 
motion may make the image seem to float. It appears to bob 
up and down and sideways like a cork on a windswept 
pond. You've probably noticed this effect with binoculars. 


[]2. Why are giant telescopes at observatories placed on 
massive concrete foundations? 


Perhaps you’d like to construct an instrument similar to 
the one Galileo made, and use it as he did. You can observe 
the surface of the moon, its craters, flat plains (called seas), 
and mountains. If so, you will need the following equip- 
ment: 

1 object lens, 34 mm in diameter 

1 eyepiece lens, 25 mm in diameter 

Sighting scope 

1 cardboard, 15 cm square, with white surface 

Metrestick 

Masking tape 

Lens holder 

1 150-watt bulb and socket 

Tissue 


To know the power your telescope has, you need to find 
the focal lengths of the two lens. Be careful in handling 
them. Do not drop them, as they break easily. 

You'll need a place to set up as shown in Figure 3. 


You will be trying to focus the light from the bulb through 
the lens onto the card. To start, go to the darkest part of the 
room and prop the cardboard flat against the wall. 








about 5m 

















Lens holder metrestick Card 
150 W 


ACTIVITY 1. Put the object lens (the larger lens) in the lens 
holder. Mount it on the metrestick in front of the cardboard. 
Move the lens toward or away from the cardboard until a 
clear image of the light bulb appears on the cardboard. The 
distance from the lens to the cardboard will then be the focal 
length of the lens. Use the metrestick to measure this dis- 
tance. 


Cardboard 


The lenses supplied are supposed to have pee ell 


focal lengths of 45.3 cm and 4 cm respec- 
tively (questions 3 and 4). This means that 
the power in question 5 will be a little over 
11. You may want to check the lenses that 
are supplied. However, Activity 5 will give 
you an approximate measure of the sum of 
the focal lengths. 


Faint image 


L] 3. What is the focal length, in cm, of the object lens? 


pha f : Focal length |] 
Repeat Activity 1 with the eyepiece lens. 


L] 4. What is the focal length of the eyepiece lens, in cm? 
(It should be much shorter than that of the object lens.) 


[| 5. Using the equation given earlier, calculate the power 
of your telescope. 
Metrestick 


Now continue with the telescope construction. 





ACTIVITY 2. Remove the two caps from the ends of the sight- ee 
ing scope. If the pinhole disk or the frosted grid disk is still in 
either of the caps, remove it and return it to your teacher. 


ee 














Small end 
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6. The image is inverted (upside-down). This 
trait is not bothersome to astronomers 
(question 7) because it makes little differ- 
ence to them whether a celestial object is 
viewed inverted or erect. In addition, most 
modern astronomy is done photographically, 
because long exposures can give much 
greater sensitivity. Thus, the picture need 
only be turned to give an erect image. 


In terrestrial telescopes (and opera glasses, 
etc.) it is bothersome to see things inverted, 
so another lens is usually inserted between 
the object lens and the eyepiece so that the 
object may be viewed erect. 
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ACTIVITY 3. Use tissue to clean the lenses. Then with tissue 
between your finger and the lens, slide the larger lens into 
the large cap and the smaller lens into the small cap. The 
tissue will help keep fingerprints off the lens. 


eo 





Large cap 





Small cap 


ACTIVITY 4. Replace the caps on the tubes. Secure them with 
small pieces of tape. 


An 11-power telescope is comparable to the 
ones Galileo constructed. At a magnification 
of 11 diameters, tiny motions are magnified 
the same amount. The scope must be 
steadied in order to see anything clearly. 


Take your telescope to the window. Rest it on the ledge 
or against the window and point it toward a distant object. 
DO NOT LOOK AT THE SUN. Hold the eyepiece close to 
your eye. Slide the outer tube out or in until you can see a 
sharp image of the object. 


Safety Note Remember, do not look at the sun. 


L]6. Describe anything different about the image that you 
observe. (Different means from what you would see with 
the naked eye.) 


Besides magnifying, your telescope did something else 
that was unusual. You should have described it above. This 
is common with astronomical telescopes. However, it is not 
bothersome to astronomers. 


07. Why would what you observed not be bothersome to 
astronomers? 


There is a length where your telescope will give max- 
imum magnification. That’s when the distance between the 
object and eyepiece lenses is about equal to the sum of their 
focal lengths. 


L] 8. How far apart should the lenses be in your telescope 
to give it the maximum magnification? (See your answers to 
questions 3 and 4.) 


ACTIVITY 5. Sight a far object to adjust your telescope for 
maximum magnification. Then measure along the outside of 
the case to get the approximate distance between the two 
lenses. 


You may notice differences between what you measured 
in Activity 5 and what you predicted in question 8. This is 
usually due to individual eye differences (assuming you 
answered question 8 correctly). 

Suppose you bought a telescope, field glasses, or binocu- 
lars. You might see two numbers listed in the descriptive 
literature. You might, for example, see “*8 xX 30’ (read 
‘eight by thirty’). The first number is the power—in this 
case, a magnification of 8 times. The second number gives 
the diameter of the object lens in millimetres—in this case 
30 mm. The latter figure is important. It tells you the light- 
gathering ability of the instrument. The higher this number 
is, the more light it allows to enter the instrument. Instru- 
ments with greater light-gathering ability work better at 
night. 


L19. Give the descriptive numbers for the power and 
light-gathering ability of your telescope. 


Ask your teacher if you may use your telescope at night 
to observe the moon. You should be able to identify some 
of the moon’s features. 


9. At face value, the descriptive numbers 
would be 11.3 x 34. Actually, the power 
would probably be given to the nearest 
whole number—11. Examination of the tele- 
scope shows that, although the lens is 34 
mm in diameter, the inside diameter of the 
larger tube limits the effective size of the lens 


to 25mm. Thus, the numbers could better be @ 


stated as 11 x 25. But even with only 25 mm 
usable, the little telescope has remarkable @ 
light-gathering ability. It has a diameter @ 
about 5 times as great as the pupil of aneye, @ 
so it would gather 25 times as much light. 


You will have to be the judge on the use of 
the instrument outside of school. Actually, it 


can be a stimulating experience for the stu- 
dent. With a similar instrument, Galileo @ 


mapped the surface of the moon, described #& 
the appearance of mountains on the ter- @ 
minator, discovered 4 moons of Jupiter, and | 
observed the phases of Venus. 
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The Fiery Chariot 


EQUIPMENT LIST 
Per student-team 


CHAPTER EMPHASIS 


The relative motion between the sun and an 
observer is examined, and the effects of this 
motion are studied. 


1 drawing compass 

1 metric ruler 

1 lead sinker 

1 50-cm piece of string 
1 protractor 

1 sheet of white paper 
Masking tape 


Excursions 7-1 and 7-2 are keyed to the 
chapter, and Resource 9 is rekeyed. 


FILMSTRIP KEY 


Cardboard 

Scissors (Enrichment) 

a dae Ptolemy, Copernicus, and Galileo 
1 map pin 


1 straight pin 

One of the myths told in ancient times described the sun as 
a flaming ball carried across the sky in a chariot drawn by 
four horses. Since you formed an image of the sun on a 
screen in Chapter 6, you know that part of the myth is in 
fact true. The sun is a flaming ball. 


But does the sun move across the sky? To you, the an- 
swer is probably a solid No. You know that the earth’s 
turning is what makes the sun appear to move. Proving this 
is not easy. To someone on the earth, the sun moving 
around an unmoving earth appears the same as a still sun 
with the earth turning. A simple model can show you why. 

Use the following materials: 


1 printed circle (7.45 cm radius) from your Record Book 
Small ball of clay 

1 map pin 

2 straight pins 


ACTIVITY 7-1. Divide the clay into two pieces and make small 
pancakes about the size of those shown. With your pencil tip, 


scratch a letter in each as.shown. The “S”’ clay disk will 
represent the sun. The “E” clay disk will represent the earth. 


MAJOR POINTS 


1. From observations of the apparent mo- 
tion of the sun, itis impossible to tell whether 
the sun is moving and the earth is stationary 
or the earth is rotating and the sun is stand- 
ing still. 

2. The apparent motion of the sun is through 
360° every 24 hours, or 15° per hour. 

3.. The time zones in use are based on this 
apparent motion of 15 degrees per hour. 

4. The apparent path of the sun across the 
sky changes from day to day. 

5. The apparent speed of the sun can be 
measured by the motion of the shadow that it 
casts. 

6. The apparent speed of the sun is a very 
large number of kilometres per hour. 

7. Because of this extremely high speed, the 
model that the sun moves around the earth 
each day is unlikely. 
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ACTIVITY 7-2. Place the sun in the center of the printed circle 
in your Record Book. The circle is 7.45 cm in radius or 14.9 
cm in diameter. Then place the earth on the circle as shown. 


ACTIVITY 7-3. Place a straight pin into the center of the earth 


(e) disk. Then put the map pin into the edge of the disk as 
shown. 





The straight pin represents the north pole. The map pin 
represents an observer on the equator. 


Figure 7-1 









_— Observer 


7-1. The sun would appear to be on the hori- (17-1. Suppose you were the observer standing on the 
zon (actually, on the eastern horizon). earth in Figure 7-1. Would the sun appear to be overhead, 
74 CHAPTER 7 or on the horizon? 





ACTIVITY 7-4. Push the straight pin through the disk. Then 
turn the earth around the straight pin until the observer is in 
the position shown. 





L] 7-2. In Activity 7-4, would the sun appear to be over- 
head to the observer? 


L] 7-3 How many degrees did you have to turn the earth to 
get the sun overhead? (Hint: If you have trouble with this 
question, see Resource 9, *‘Measuring Angles.’’) 
ACTIVITY 7-5. Keep turning the earth until the observer is at 


the position shown. The sun would again appear to be on the 
horizon. 
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CL] 7-4. How many degrees have you turned the earth from 
where it started (in Figure 7-1)? 


L] 7-5. To the observer represented by the map pin, would 
the sun seem to have traveled across the sky from one 
horizon to the other? 


7-6. 360°. It is important that the student sees ACTIVITY 7-6. Check your answer to question 7-5 by repeat- 

ne Rae oy one eng egregs nee’) ing Activities 7-4 and 7-5. Try to visualize what a person 
standing where the map pin is would be seeing. It may help to 
crouch down as shown. 





L] 7-6. Suppose you kept turning the earth disk until the 
map pin got back to where it started. Through a total of how 
many degrees would the earth disk have turned? 


As you know, one complete turn of the earth represents 


( 
one day, or 24 hours. 
ACTIVITY 7-7. Reverse the positions of the earth and the sun 


on the circle. Be sure that the observer faces upward as 
shown. 


L] 7-7. With the earth and the sun in the position shown in 
Activity 7-7, would the observer see the sun overhead, or 
76 CHAPTER 7 on the horizon? 


ACTIVITY 7-8. Move the sun along the circle to a point where 
it would appear to be overhead to the observer. Then con- 
tinue to move the sun to a point where it would appear to be 
on the horizon. 


L] 7-8. How many degrees did you move the sun to make it 
appear overhead to the observer? 


L] 7-9. How many degrees did you have to move the sun 
from its position in Activity 7-7 to make it appear to the 
observer that it moved from one horizon to the other? 


Now think about what the observer would have seen with 
the earth turning, and the sun moving around the earth. 


L] 7-10. In both cases, did the sun appear to the observer to 
move around the earth? 


L] 7-11. In both cases, did the sun appear to the observer to 
rise from one horizon and set behind the other? 


It isn’t so easy to tell whether the earth is turning or the 
sun is actually moving around it. Either way the observer 
would see the sun move across the sky. Suppose the sun 
actually does move around the earth. Because it is far away 
(149 000 000 km) it would have to make a very long journey 
each day. It would have to travel very fast to make it in just 
24 hours. You can get a good idea of the speed it must have 
to make the trip. You only need a few simple things. But 
you will have to have 30 minutes of sunlight. 
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If you don’t have 30 minutes left in this class, read ahead 
to see what has to be done. Then plan a time when you can 
do the activity. This would be a good time to do Excursion 
7-1, ‘‘The Night That People Lost 10 Days.’’ No equipment 
Excursion 7-1 is a good one for general in- is needed. 
terest and extension, and it provides some Got a sunny day and 30 minutes? Then find out how fast 


pereo coumen tie calendar. the sun would have to be to go around the earth each day. 
Get the following items: 


1 lead sinker 

1 50-cm piece of string 

1 protractor 

1 5-cm piece of.masking tape or cellophane tape 
1 sheet of white paper 


It may be possible for the student to use a Tie the string to the lead sinker. Make an X with your 
ring stand or other vertical support from aay: : 

ELEN naan thelsinkar GaetHe Sulnguat pencil in the center of the paper. Take everything outdoors 
could then remain motionless for the time or to a windowsill where the sunlight will fall for at least 30 
period, and the beginning and ending posi- minutes. 


tions could be marked. 


ACTIVITY 7-9. Tape your paper to a flat surface that is in full 
. sunlight. Then hold the sinker exactly over the X you drew on 
the paper. Draw a line along the shadow of the string on the 
paper. Record the exact time you make the mark. You will 
make another mark in exactly 30 minutes. Leave the surface 
in the sunlight. Don’t move it at all. 











String and sinker 
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ACTIVITY 7-10. Exactly one half hour later, hold the string as 
you did before, and once again mark the shadow. 


After 30 minutes 


2nd mark 


= SERPENT eae Go 
STE ee 
ep ane 





L) 7-13. At what time did you make a second mark? 


ACTIVITY 7-11. After you’ve made your second mark, take 
your paper back to your desk. With a ruler, draw straight lines 
from the X along each of the shadow marks. Measure the 
angle between the lines with a protractor. 


L] 7-14. How many degrees are in the angle formed by the 
two shadow lines? 


L]) 7-15. How many degrees did the sun appear to move in 
30 minutes? 


Now try to apply what you have just done to the model 
you built earlier. 

The sinker shadow acts like a sundial. It tells how fast the 
sun is moving across the sky. The position of the shadow 
moves as the sun moves. Measuring the distance the 
shadow moves in 30 minutes could tell you how fast the sun 
would have to move. Let’s find out if it will. 

The circle you used in Activities 7-2 through 7-8 Rade a 
radius of 74.5 mm. This size was chosen to make your next 
set of calculations easy. Think of a distance of 74.5 mm as 
representing half the distance of 149 million km from the 
earth to the sun. 


Measure this angle. 






1st mark 


2nd mark 


7-14. This answer (and some later ones that 
depend on it) may vary with geographic loca- 
tion, time of year, and time of day. An ac- 
Taaeete answer would be between 5° and 
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lf the apparent path of the sun were on the 
celestial equator every day instead of con- 
tinually on a different path in the sky, then 


1 


Almost the 
same as 





The statement is made that when the angle is 
small, you can-use a ruler to measure the 
distance from 1 to 2 (measure the chord in- 
stead of the arc). For your information, for an 
angle of 15°, the arc is less than } of 1% larger 
than the chord—ah amount too small to de- 
tect with a ruler. 


7-18. 16 mm to 32 mm 

7-19. 16 000 000 km to 32 000 000 km 
7-20. 32 000 000 km to 64 000 000 km 
7-21. 32 000 000 kph to 64 000 000 kph 


As a comparison, the orbital speed of Mer- 
cury, which is the fastest traveling planet, is 
about 170 000 km per hour. Fastest orbital 
speed for a satellite in circular orbit around 
the earth is about 27 000 km per hour. Both 
of these speeds are tiny compared with the 
calculated speed of the sun, 


7-22. The speed of a point on the equator is 
about 40 000 km in 24 hours, or slightly more 
than 1600 km per hour. 
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If the earth turns through 360° in 24 hours, 


then it turns 15° per hour. This is the average 
number of degrees the sun appears to travel 
in an hour. The students’ answers should in- 


the shadow motion in one hour would be 15°. 
With this changing path across the sky, the 
apparent speed of the sun also changes dur- 







ing the different hours of the day. Thus, t 
angle measured in Activity 7-11 will affe 
the answers for questions 7-18, 7-19, 7-4 


and 7-21. 
(1 7-16. How many km does each mm represent? 


ACTIVITY 7-12. On the circle you used in Activities 7-2 
through 7-8, draw an angle the same size as the one you 
measured in Activity 7-11. Use your protractor and a sharp 
pencil. The vertex of the angle is at the center of the circle. 
Label the points 1 and 2 as shown. 


L] 7-17. The arc between 1 and 2 shows how far the sun 
appears to travel in what period of time? 


Using the distance between 1 and 2, you can calculate 
how far the sun would have to travel in 30 minutes if it goes 
around the earth in one day. 

You can’t measure a curved line accurately with your 
ruler. But when the angle is small, the distance between 
two points along a curve is not too different from the dis- 
tance along a straight line. This means that you can use a 
millimetre ruler to get a good estimate of the arc between | 
and 2. Use your ruler to measure it now. 


L] 7-18. What is the distance in mm from point | to point 2 
on your circle? 


L] 7-19. Using the scale you determined in question 7-16, 
what is the distance in kilometres that the sun traveled in 30 
minutes? 


L] 7-20. If its speed is steady, how far would it travel in 1 
hour? 


|] 7-21. What would its speed in kilometres per hour have 
to be? 


Your answer to question 7-21 should be a very large 
number. In fact, the speed is many, many times greater 
than that of any satellite ever put into orbit. And it is far 
greater than the calculated speed of other planets and most 
stars. Therefore, the idea that the sun moves around the 
earth each day is very unlikely. 


L] 7-22. Can you think of a way to calculate how fast the 
earth is turning? (Hint: The distance around the earth is 
40 000 km.) 


dicate that the time zones, one hour in dif- 
ference, are roughly 15° in width. The conti- 
nental U. S. is about 60° across (67° W 
latitude to 125° W latitude) and there are 4 








time zones; Eastern, Central, Mountain, ani 
Pacific. Each is approximately 15° wide, a 
though the width varies somewhat to ad 
commodate state boundaries. 
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PROBLEM BREAK 7-1 


You know that the apparent rising and setting of the sun 
is caused by the earth’s making one complete turn on its 
axis in 24 hours. You know that there are 360 degrees in a 
circle, or in one turn of the earth. Using this information, 
you can figure the number of degrees that the sun appears 
to travel in one hour. 

What is the relationship between the number of degrees 
that the sun travels in one hour and the time zones that we 
use? For example, why is the time in New York different 
from the time in Chicago, and the time in Denver different 
from the time in Los Angeles? Write your explanation in 
your Record Book. 

You have seen that your daily observations of the sun do 
not tell you whether it, or the earth, is moving around the 
other. Because you’ve been told, you know that the earth 
turns. The movement of the sun must be just an illusion. 
Even so, it is more comfortable to say the sun “‘rises’’ or 
‘‘sets’’ than to say the earth is turning. It feels quite natural 
to say the sun moves across the sky. 

You can see why many scientists of old thought people 
lived in a sun-centered system. You can also see why 
others claimed that the universe was earth-centered. To 
find out how Galileo resolved this debate, do Excursion 7-2, 
‘*Matching Wits with Galileo.” 


Before going on, do Self-Evaluation 7 in your Record Book. 


| 
| 


Excursion 7-2 is for extension and general 
interest and lets the student follow Galileo’s 
logic in solving the problem of the model of 
the solar system. 


No advance preparations need to be made 
for Chapter 8. 
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EQUIPMENT 
None 


Excursion 7-1 


The Night 
That People 
Lost 10 Days 
PURPOSE 


To explain how the present calendar came 
into being, and to tell some of the changes 
that had to be made in order to use it. 


This is an excursion for general interest and 
extension. 


MAJOR POINTS 


1. A calendar is a system of timekeeping 
based on some regular events. 

2. Three possible regular events are the ap- 
pearance of a full moon, a sunrise, or the 
coming of spring. 

3. Probably the first calendar was made 
more than 4000 years ago. 

4. The Romans made significant changes in 
the calendar. 

5. A church decree setting the time for the 
celebration of Easter as the first Sunday on 
or after the first full moon after the first day 
of spring necessitated further changes in the 
calendar. 7 

6, When the new Gregorian calendar was 
adopted, it became necessary to adjust the 
date accordingly. 

7. The changing of dates and dropping of 
days caused many difficulties. 


Although the three regularly occurring 
events listed here can be used as a basis for 
a calendar, you cannot assume that they are 
not subject to variation. Because of friction 
of the tidal forces on the earth’s rotation, the 
earth is slowing down a very tiny amount. 
Thus, the rotating earth is not a perfect 
clock, or timekeeping device. In addition, 
because of the slightly elliptical orbit, the 
speed of the earth in its path around the sun 
is not uniform. It speeds up in the winter, 
when it is closer to the sun, and slows down 
in the summer, when it is farther away. The 
effect of this change in speed (and of the 
obliquity of the ecliptic, or sun’s path) is to 
make the time between successive sunrises 
different in the different seasons: of the 
year—sometimes greater than 24 hours, and 
sometimes |ess. 
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You’ve probably heard the story of Rip Van Winkle, who 
slept for 20 years. But have you heard about the night the 
people of Rome, Italy, actually slept away 10 days? It 
seems incredible, but in 1582 everybody in Rome went to 
bed on October 4 and woke up on October 15. Even more 
remarkable is the fact that the next day, October 15 in 
Rome, was only October 5 in London, England! How this 
amazing turn of events came about is the subject of this 
excursion. 

The story goes back a long way—to a time well before the 
birth of Christ. In those early days, people used natural 
events to mark the passage of time. Such things as the 
arrival of certain birds or temperature change measured the 
time of year. Of course, these methods were not completely 
satisfactory. Bird arrivals and temperature changes don’t 
happen at exactly the same time each year. 


To solve this problem people had to develop a calendar. 
That is a system of timekeeping based on some regularly 
occurring event. They found that at least three such events 
could be used. 



























—_ 
. 


The time from one full moon to the next 

. The time from one sunrise to the next 

3. The time from one spring to the next (Astronomers 
determined the first day of spring. They did this by 
observing the exact time the sun passed a particular 
point in the sky on its north-south journey.). 


NO 





The Sumerians lived more than 4000 years ago in what is 
now Iraq. They were probably the first people to make a 
calendar. They used the phases of the moon to determine 
how long a month was (about 30 days). In the Sumerian 
calendar, twelve lunar months (360 days) made a year. 


L11. How may days shorter than our year was the Sume- 
rian year? 


The Sumerians had to make up the difference between 
their year and the amount of time that passed between 
springs. They did this by adding an extra month about 
every fourth year. 


The particular point in the sky that is used to @ 
determine the first day of spring changes & 
also. The earth, spinning on its axis as it re- 
volves around the sun, wobbles somewhat 
like a giant top. This means that the North 


EARLY 
CALENDARS 


Pole points at a different spot in the heavens, 
and the place where the apparent path of the 


sun crosses the celestial equator, called the @ 


equinox, moves a little also. During a lifetime 
the motion is extremely small, but in the 2000 
years since man began using a reference 
point in the sky, it has shifted about 30°. In 
the time of Hipparchus (130 B.c.) the point 
locating the first day of spring was in the 
constellation of Aries, the Ram. Now it is lo- 
cated a whole constellation away, in Pisces, 


the Fishes. But astronomers can still locate | 


its exact position each year. 
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The lunar month, from full moon to full 
moon, is a little over 295 days long. The Is- 
lamic calender, still in use in Moslem coun- 
tries, is based on the lunar cycle, and the first 
day of spring changes in an erratic fashion 
from year to year. 


3. By the information given here, the ides 
are the time of the full moon, so the answer 
would be ‘‘the date of the full moon in 
March.” However, it is more commonly ac- 
cepted that in the ancient Roman calendar, 
the ides of March, May, July, and October 
were on the 15th of these months. In other 
months, the date was the 13th. Likewise, the 
nones were the 9th day before the ides. 
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L]2. About how often should the Sumerians have added a 
30-day month to get a year as long as ours? 


But there were problems with this calendar. The Sume- 
rians were never able to adjust their calendar so that the 
seasons arrived in exactly the same month each year. The 
Greeks, the Hebrews, and the Egyptians made improve- 
ments in the Sumerian calendar. But the problem con- 
tinued. 

The calendar of the early Romans was also based on the 
phases of the moon. The Roman year was 355 days long. 
The months that corresponded to our March, May, July, 
and October were 31 days long. February had 28 days, and 
each of the other seven months had 29 days. The Romans, 
like the Sumerians, added an extra month every fourth 
year. 

The word calendar comes from the Latin word 
kalendae—the first of the Roman month. On this day ac- 
counts were entered in an account book (kalendarium) and 
paid. Paying bills on the first of the month obviously goes 
back a long way. 

The Roman high priest kept track of the calendar. On 
each calends, or day of the new moon, the priest an- 
nounced the phases of the moon for that month. The first 
quarter phase was called the nones. The full moon was the 
ides. 


L]3. You may have heard the famous quote from Shake- 
speare’s Julius Caesar: ‘‘Beware the ides of March.’ What 
is meant by the ides of March? 





By 46 B.C., the Roman emperor Julius Caesar had become JULIUS CAESAR’S 
unhappy with the Roman calendar. Because the priests had CALENDAR 
done a poor job of keeping the calendar, the summer 
months were coming in spring. To solve the problem, 
Caesar introduced what became known as the Julian calen- 
dar. 
The Julian calendar was devised by the Egyption as- 
tronomer Sosigenes. It has a 365-day year (10 days longer 
than the Roman calendar). The extra 10 days were added to 
the months with 29 days, making them identical with the 
months on today’s calendar. 


The unique feature of the Julian calendar was the extra BU ENGU Mea aieat ss Bite No eal nas 

: would be the middle of summer in the North- 

day added to every fourth (or leap) year. This produced the ern Hemisphere, and July would be a cold 
same result that adding a quarter of a day to each year month. 


would produce. In effect, this meant that the Julian year 
was 3654 days long. This is almost, but not exactly, as long 
as the earth takes to make a complete turn around the sun. 
The Julian year was only a few minutes per year longer than 
the earth year. Therefore the change of seasons occurred on 
almost the same date every year. 

We would probably be using the Julian calendar today if 
it were not for something that happened in A.D. 325. That 
year there was an important meeting of church officials in 
Nicaea (what is now Turkey). At the Council of Nicaea, the 


bishops decided that Easter would be celebrated on the first The rule for the determination of the date for — 

Easter is still the same. Thus, between A.D. | 
Sunday after the first full moon that occurs on or after the Fane de A Raeono tis Helalvclion Fale or 
first day of spring. In A.D. 325 the first day of spring occur- all the dates from March 22 to April 25. 


red on March 21. This meant that Easter could not occur 
before March 22 or after April 25. EXCURSION 7-1 85 





4. lf students have difficulty with this ques- 
tion, encourage them to concentrate on the 
extremes—that is, on March 22 and April 25. 
If March 21 came on Saturday and there was 
» a full moon that day, then the first Sunday 
| after the first full moon on or after March 21 
would be March 22. lf March 21 came on 
‘Sunday and there was a full moon the day 
before, March 20, then the next full moon 
would be a lunar month later, (293 days) on 
Sunday, April 18, and the first Sunday after 
that is April 25. 






The difference in time mentioned here was 
about 11 minutes per year. That amounts to 8 
days in 1000 years. From A.D. 325 to A.p. 1562 
(1237 years) it came to 10 days. 


Actually, the Gregorian rule states that only 
the century-ending years that are divisible by 
400 should be leap years. Thus, the years 
1800, 1900, and 2100 have no February 29, 
but the year 2000 does have the extra day. 
This puts the calendar remarkably close to 
the ordinary year. The difference is less than 
half a minute, and the calendar will get out of 
step only one day every 3000 years. 


(14. See if you can explain why Easter would have to 
occur within these dates in order to meet the council re- 
quirements. 


Over the years the difference between the time it takes 
the earth to go around the sun and the 3654 days in the 
Julian calendar began to add up. In fact, by the year 1562 it 
added up to 10 full days. That year the first day of spring 
came on March 11 instead of March 21! This meant that 
Easter would be celebrated at a time before March 22. This 
violated the rules of the Church. 

Pope Gregory decided to change the calendar to make 
sure that Easter would be celebrated at the proper time. 
This decision led to the 10-day sleep mentioned at the be- 
ginning of this excursion. The pope decreed that the day 
following October 4, 1582, would be October 15. He also 
directed that, in the future, leap year would be omitted 
about once every 128 years. (This made the calendar year 
almost exactly the same length as the earth year.) The 
dropping of the specified leap years was designed to keep 
the first day of spring on the same date. In that way, Easter 
would always be celebrated at the proper time. 





The new calendar proclaimed by Pope Gregory became 
known as the Gregorian calendar. The Gregorian calendar 
set January 1 as the beginning of the year. Until then, the 
year had begun in some countries on December 25, in 
others on January 1, and in still others on March 25. 

The Gregorian calendar was adopted immediately by 
countries with large Catholic populations. Protestant coun- 
tries, and some countries in the Middle East, continued to 
use the Julian calendar. For example, the new calendar was 
not adopted in England until 1752. By this time, the English 
had to drop 11 days, not 10. Many English resented the 
change and held protest marches, crying ‘‘Give us back our 
11 days.’’ Most Middle Eastern countries didn’t adopt the 
Gregorian calendar until 1923. These countries had to drop 
13 days. The Chinese adopted the new calendar in 1912. 


L] 5. Can you explain why it was October 15 in Rome and 
only October 5 in London following Pope Gregory’s de- 
cree 


The argument over which calendar to use has caused 
trouble for people who study history. Historical dates de- 
pend upon what book you read. For example, George 
Washington was born either on February 22, 1732, or on 
February 11, 1731. The difference depends upon whether or 
not the writer dropped the 11 days. And it depends upon 
whether he considered the year as starting on January 1 or 
on March 1. In fact, some books list Washington’s birthday 
as February 33, 1733. 

The Pilgrims landed at Plymouth, Massachusetts, on De- 
cember 34, 1620. According to Governor William Bradford, 
they began building their first house on December 25, 1620. 
By the Gregorian calendar, however, this was January 4, 
1621. 

Changing the calendar has caused legal problems, too. 
Some landowners in England tried to collect rent on their 
property for the 11 days that were dropped from the calen- 
dar during 1752. The British Parliament had to pass a spe- 
cial act declaring that salaries, rents, and interest would not 
be collectable for the 11 lost days. 


THE GREGORIAN 
CALENDAR 


EXCURSION 7-1 


87 








Excursion 7-2 


Matching Wits 
with Galileo 


EQUIPMENT 
None 


PURPOSE 


To examine the logic used in deciding be- 
tween the Ptolemaic and Copernican models 
of the solar system. 


This is a general-interest and extension ex- 
cursion. 


MAJOR POINTS 


1. In the model of the solar system pro- 
pounded by Ptolemy, the earth was at the 
center of the system. . 

2. Ptolemy believed Venus and the sun 
moved so that a straight line could always 
connect the earth, the sun, and the center of 
Venus’s epicycle. 

3. Copernicus proposed a model with the 
sun at the center of the system, and the 
planets revolving around it. 

4. As observed with a telescope, Venus 
passes through phases much as our moon 
does. However, it also changes in size, more 
than the moon does. 

5. The change in shape and size of Venus 
supports the Copernican model of the solar 
system. 


For your information, but not important for 
the student, is the fact that in the Ptolemaic 
system, point D in its successive positions is 
called a deferent. As you can see from Figure 
1, a view of Venus from the earth, with the 
sun always farther away, could never show 
anything more than a thin crescent. 
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According to the theory of Ptolemy, an ancient Greek as- 
tronomer, the earth is at the center of the solar system. In 
other words, the planets and the sun move around the earth 
(see Figure 1). Ptolemy’s theory holds that Venus is closer 
to the earth than is the sun. The theory also holds that as 
Venus travels around the earth, it moves in another circular 
path. Figure 1 shows this as a motion around point D. 

Ptolemy also believed Venus and the sun move in a spe- 
cial way. The motion allows a straight line to be drawn 
joining the earth, the sun, and point D. 


Figure 1 


Venus (Four 
possible positions) 


Copernicus believed the sun is at the center of the solar 
system. He believed Venus and the earth (and the other 
planets as well) move around the sun (see Figure 2). 


Figure 2 


Venus (Four 
possible positions) 


Galileo tried to decide which of the two theories was 
correct. With a telescope that he made, he observed Venus 
for two years. He observed some interesting changes in the 
appearance of the planet. What he saw is shown in Figure 3. 
He found that the shape of Venus changed, very much as 
the shape of our moon seems to change. Galileo realized 
that he had all the information he needed to decide 
definitely whether Ptolemy or Copernicus was right. You 
have all the information that you need, too. Match wits with 
Galileo. On the basis of the telescope evidence and Figures 
1 and 2, tell which theory you support and why. 


(11. Which theory do you support? 


[] 2. What are your reasons for supporting the theory? 





A view of Venus from the earth in the Coper- 
nican model (Figure 2) should show phases 
of the planet, all the way from no light (a 
“new Venus’) to a full orb of light (a ‘‘full 
Venus’). Moreover, because of the large 
change in distance between the earth and 
Venus in this model, there should be a dis- 
tinct change in the size of the planet’s image. 


Figure 3 


Hopefully, the student will choose the 
Copernican model. The change in shape will 
be the more likely reason for support, but the 
change in size is of equal importance. To- 
gether they form a strong case. 
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On Your Own 


EQUIPMENT CHAPTER EMPHASIS 


None The students finally use data and techniques 
gathered in Chapter 3, with the distance to 
the sun in Chapter 5, to find the sun’s power. 
Students then use techniques from other 
chapters to solve some individual problems 
in astronomy. 


At the beginning of this module, you set out to investigate 
the way astronomers get information about stars and 
planets. You now should have a pretty good idea of the way 
astronomers work. By using sun-energy measurers 
(pyrheliometers) and photographs of spectra and by cal- 
culating angles, they can make quite remarkable measure- 
ments. 

Several questions were asked at the beginning of Chapter 
1. These questions appear again below. See if you can an- 
swer them now. You may want to compare your new 
answers with the ones you gave before. Here are the ques- 
tions. 


L] 8-1. How do astronomers Know what the sun is made of? 


L] 8-2. How can you find out how much energy the sun 
gives off each minute? 


_] 8-3. How can the distance to the sun be determined? 
_] 8-4. How can the size of the sun be determined? 


L] 8-5. How can the motion of the sun be described? 


Question 8-2 is one that has not been answered complete- 
ly. You have found that the sun can be compared with a 
known source—like a 150-watt bulb. And you found that 
distance to a light source has a lot to do with measuring its 
energy. But the relationship between the sun’s energy and 
the energy of a 150-watt bulb is certainly not obvious. Let’s 
think about it just a bit more. 





Excursion 8-1 is keyed to this chapter. 


MAJOR POINTS 


1. The power of the sun at a distance of 149 
million km can be compared with the power 
of a light bulb at a short distance. 

2. The power required to produce a particu- 
lar heating effect on an object must be 4 
times as much when the distance from the 
power source to the object is doubled. 

3. If power varies as the square of the dis- 
tance, then the power of the sun can be 
computed in terms of a 150-watt bulb. 

4. The power (wattage) of the sun is a huge 
number. 

5. Using observed spectra and pyrhelfome- 
ter readings, and given the distances to 
stars, comparisons can be made of their 
power and composition. 

9. Astronomers use other tools besides tele- 
scopes. 


This chapter calls for application by the stu- 
dent of the various concepts encountered 
during the unit. Due to the lack of equipment 
usage and experimental activities, there is a 
danger that the work will be taken too lightly, 
and rapidly passed over. Guard against this. 
The chapter can be the ‘‘frosting on the 
cake.”’ 
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L] 8-6: Would the heat from a 150-watt bulb warm up your 
sun-energy measurer if the bulb were 149 million km away? 


Before going on, be sure you know what power is. Excur- 
[EXCURSION » sion 8-1, ‘“Power,”’ will help. 


Excursion 8-1, ‘‘Power,” is remedial-review. 
: aie cm 
2x 20cm = 40cm 


This is really the first place that the student is 
expected to understand the difference be- 

Here’s what scientists have discovered. You could do it 
yourself, too. 


tween energy and power. Encourage stu- 
dents to do the short excursion. 
Suppose the distance from an object to a light source is 
doubled. Then the light source must be 4 times as powerful 
for the same amount of light to reach the object. 


, 
a 


If the distance to the source is tripled, the source has to 
92 CHAPTER 8 be 9 times as powerful. 













Table 8-1 shows more about how distance to the source 
relates to the power the source must have. 


Table 8-1 





L] 8-7. The numbers in Table 8-1 have a very interesting 
relationship. What do you think that relationship is? 


Notice the numbers in column 1, the distance multipliers. 
In each case, when one of those numbers is multiplied by 
itself (squared), it gives the power multiplier associated 
with it (in column 2). Thus: 


ISS are! 
Se et ante 
S00 500 etc; 


L] 8-8. Suppose the original distance is multiplied by 
10 000. What do you predict the power multiplier to be? 


Now let’s get back to comparing the 150-watt bulb with 
the sun. 

In Chapter 3 you compared a 150-watt bulb with the sun. 
You found out how far the bulb had to be placed from the 
sun-energy measurer to give the same temperature change 
as direct sunlight. Your finding was the answer to question 
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Question 8-9 refers the student to question 
3-4 for an answer. This is just one example of 
the need to use all the preceding chapters in 
working on this one. Be prepared to supply 
the value needed in case the student failed to 
answer question 3-4. 
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R = answer to 
0 3-4 and 
DO 8-9 






L) 8-9. What is the distance in cm you found for the posi- 
tion of the 150-watt bulb? 


R is the distance you found for the 150-watt bulb. Of 
course the distance to the sun is 149 million km. How many 
times greater is 149 000 000 km than R? There are 100 000 
cm in 1 km. 


To sun 
o S< [Ri 





R watts 


L] 8-10. How many cm are there in 149 000 000 km? 


.U 8-11. Now divide your answer to question 8-10 by R. 


(The result will be the number of times R must be multiplied 
to give you the distance to the sun.) Record this number in 


the last row of Table 8-1 as a distance multiplier. 


You are about ready to find out how much power the sun 
has as measured in watts. You will multiply 150-watts by 
the power multiplier. 





L] 8-12. What is the power multiplier that goes with the 
distance multiplier you recorded in Table 8-1? Record your 
answer in Table 8-1. 


CL] 8-13. What is the sun’s energy measured in watts? 8-13. The actual figure the student gets is not 

(150 watts x power multiplier fata ey racns 

000 000 000 watts (that’s 3.7 x 107° W). 
Now you can test your ability to use some of the other 

techniques you have learned. You will be given spectro- 

scope data for two stars, Star A and Star B. Your task is to 

interpret this information to find out as much as you can 

about the stars. From it, you should be able to compare the 

two stars in composition, distance, and power. 


Spectrum of Star A Figure 8-1 


Spectrum of Star B 











He = helium He 
H = hydrogen | | | | 
Ca = calcium He H H He Ca Ca 


Spectral Lines of Selected Common Elements CHAPTER 8 95 


Table 8-2 


The major star nearest to our solar system is 
about 40 000 000 000 000 km away, which 
matches the distance to Star B. It is the triple 
star Alpha Centauri. Star A just about 
matches in distance Sirius, the brightest star 
in the sky. 


Table 8-3 


The pyrheliometer would of course have to 
be mounted at the focus of a large telescope 
in order to get any energy readings. 


From the spectra, the student should con- 
clude that Star A contains the elements 
helium and hydrogen, and Star B contains 
hydrogen and calcium. From the distance 
and energy data, students should conclude 
that Star A is twice as far away as Star B, that 
the energy received from Star B is about 
twice as much as that from Star A, and that 
therefore the power of Star A is greater than 
that of Star B. If the two stars had the same 
power, Star A would have produced only } as 
much temperature change as Star B, since 
Star A is twice as far away. Instead, it pro- 
duced 5 as much; so Star A must be greater 
in power. 


It will probably come as no surprise to you 
that there are very few astronomers who 
spend much time looking through big tele- 
scopes. Instrumentation and photographic 
techniques have made great changes in the 
art of astronomy. 
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Figure 8-1 shows the spectra observed when the light 
from Star A and Star B passed through a spectroscope. It 
also shows the Fraunhofer spectral lines of some common 
elements. Look at the spectra carefully. They and Tables 
8-2 and 8-3 contain all the information you need to finish 
this chapter. A review of Chapters 1, 2, and 3 may help in 
analyzing these data. 


L] 8-14. According to the spectra, how do the chemical 
compositions of the stars compare? 


L] 8-15. How much farther away is Star A than Star B? 


L] 8-16. How does the energy of Star A compare with that 
of Star B? 


Most people think of astronomers as constantly looking 
through big telescopes. But the telescope is by no means 
the astronomer’s only tool. In recent years, new ways of 
studying the heavens have been used. Not long ago, for 
example, it was discovered that some stars and groups of 
stars give off radio waves. By studying these waves, radio 
astronomers are locating objects that were unknown only a 
few years ago. 

If you’ve done your work well, you now realize that a lot 
of work involves only a pencil, a piece of paper, and, most 
importantly, a lot of hard thinking. Of course, a computer 
comes in handy. 


Before going on, do Self-Evaluation 8 in your Record Book. 


Suppose a house stands on a hill beside a river. The house Excursion 8-1 
catches on fire. Naturally, the owner would like to get 
water from the river and put out the fire. If there was no Power 


help, the owner could try to run back and forth with one or EQUIPMENT 
two buckets, carrying water to throw on the fire. But if the None 
fire has a head start, the house would be lost. 
, ee PURPOSE 
MAJOR POINTS To explain the difference between energy 
1. The time it takes to do a given amount of Figure 1 and power. 
work is important. ay. 
2. The rate at which work can be done, or . This is a remedial-review excursion. 


the rate at which energy can be transferred, 
is called power. 

3. A watt of power is equal to 1 new- 
tonemetre per second. 








= 


If the owner had enough neighbors with buckets, they 
could form a double line. They could hand full buckets up 
and empty buckets down. Certainly more water could be 
carried to the house each minute this way. The chance of 
saving the house would be a great deal better. 


Figure 2 











| If the student still has trouble understanding 
the concept of power, it is conceivable that 
the difficulty lies in an inadequate know- 
ledge of energy. You may want to suggest 
repeating Excursion 2-1, ‘Energy at Work.” 
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If a fire truck with a powerful pump and a long hose came 
along, it would be even better. More water per minute 
could be transferred from the river to the house. 


: Figure 3 


What is the point of the story? Just this: Almost always, 
the time it takes to do a given amount of work is quite 
important. Given a long enough time, the owner could have 
carried any amount of water from the river to the house. 
But after the house has burned down, the water does no 
good. 

In the language of science, the rate at which work can be 
done (rate at which energy can be transferred), is almost 
always very important. There is a real difference between a 
person with a bucket and a fire truck with a pump. That 
difference is the rate at which each can do work. 

Science has given a name to the rate of doing work, or the 
rate of energy transfer. The name is power. 

The power of the sun is the amount of energy per second 
it sends out into space. This power can be measured in units 
called watts. Perhaps you recall the definition of a watt. 


1 newtonemetre 


1 watt = 
second 


Remember, calculating the wattage of the sun means cal- 
culating the energy it produces per second. 


Ability, work definition and, 24 

Absorption of energy, 24-25 
effects on light-source size and sun-energy measurer, 

17, 18-23 

Anders, William A., 40 

Angle calculating, in finding Earth-sun distance, 50-54 
with range finders, 31-39 

Atmospheric study of the sun, 11 


Base line (range finding), 32 
distance from Earth to Venus as, 46 
limitations of range finders affected by, 37-38 
Borman, Frank, 40 
Bradford, William, 87 
Bright-line spectrum, 10 


Caesar, Julius, 85 
Calendars, 82-87 

early, 83-84 

Gregorian, 87 

Julian, 85-86 
Calends, 84 
Camera range finders, 31 
Change of energy, 25 
Chemical energy, 24-25 
Circumference, 43 
Colors of the spectrum of sunlight, 4 
Compounds, 7 
Conduction of heat, 17, 18, 19 
. Conservation of Energy, 25 
Continuous spectrum, 4-5 
Copernicus, Nicolaus, 88-89 
Copper, 18 


Dark spectrum lines (Fraunhofer), 11-12 
Daylight, calendars and, 83 

Definitions, operational, 24 

Diameter, 43 

Diameter of the sun, 61-66 

Diameter of telescopic object lens, 71 
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measuring Earth-sun, 31, 38-39 
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92-93 
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work definition and, 24 
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Elements, bright-line spectrum of, 7, 10 
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definition of, 24-25 
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measurement of sun’s, 15-16 
from sunlight, 29, 91-95 
England, 82, 87 
Eye damage from sunlight, Safety Note on, 3, 36, 65 
Eyepiece, telescopic, 67-68 


Fluorescent light, 5, 10 
Focal length of the eyepiece, 67-71 
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Fraunhofer, Joseph von, 11 
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Full moon 
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Galileo Galilei, 67 
movement of Venus determined by, 88-89 
Greek calendars, 84 
Gregorian calendar, 87 
Gregory (Pope), 86-87 


Heat energy, 17, 23 
affected by distance between light source and sun- 
energy measurer, 27-29 
transfer of, 24-25 
Heating effect of sunlight, 17 
Hebrew calendar, 84 
Helios, 11 
Helium, 11 


Ides, 84 
Incandescent light, 5 
Italy, 82, 87 


Julian calendar, 85-86 


Kalendae, 84 
Kirchhoff, Gustav Robert, 11 


Leap year, 85 
Lenses, telescope, 67-71 
Light, 2 
diffraction grating and, 4-5 
fluorescent, 5, 10 
incandescent, 5 
spectra of, 2, 5, 7 
Light energy, 17, 24-25 
sun-energy measurer and, 22-23 
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calculating diameter of, 40-43 

full moon, 39, 40-42, 83 

lunar calendars, 83-84 

motion of, 40-41 

orbit of, 40, 42-43 

photographs of, 1 

radar measurement of distance to, 45, 46 
Motion of the earth, 40-42 

in proving the fixed position of the sun, 73-80 


Motion of the moon, 40-41 

Motion of the sun, 1 
degrees sun seems to travel in one hour, 81 
proving the fixed position of the sun, 73-77 


Nicaea, Council of (325 A.D.), 85 
Nones, 84 


Object lens, telescopic, 67-68 
Operational definitions, 24 
Orbit of Earth, 46-49 

Orbit of the moon, 40, 42-43 
Orbit of Venus, 46-49 


Photographs of spectra, 4, 91 

Planets, 1 

Power, 97-98 

Power of a telescope, 71 

Ptolemy, 88-89 

Pyrheliometers (sun-energy measurers), 91 


Radar, 45 
explanation of, 55-56 
Radio pulses, radar and, 55-56 
Rainbow, 2, 3, 5 
Range finding, 31-39 
Release of energy, 25 
Roman calendar, 84 
Rotation of the earth, 40-43 


Safety Note, 3, 36, 65 
Scale drawing, 52-53, 57 
used to find Earth-sun distance, 58-59 
used to find Venus-sun distance, 58-59 
Sighting angle, 37 
Size of the sun, 1, 22-23, 27 
determining, 61-66 
Sodium chloride (NaCl), 7-10 
Soft target, 56 
Sosigenes (Egyptian astronomer), 85 
Spectrum, 2, 3 
bright-line, 10 
continuous, 4-5 
of different types of light, 5, 7 
Fraunhofer lines of, 11-12 
photographs of, 4, 91 
Speed and time measurements, distance and, 56 
Spread of energy, 25 
Spring, calendars and, 83 
Stars, 1 
spectroscopic analysis for chemical composition, 
energy, and distance of, 95-96 
spectroscopic element identification of, 11 
Strontium chloride (SrCl), 7-10 
Sumerian calendar, 83-84 


Sun, 1 
calculating hypothetical travel time of sun around the 
earth, 77-80 
Earth-Venus distance used in Earth-sun distance mea- 
surement, 45-54, 58-59 
measuring distance to, 31, 38-39, 56 
measuring energy of, 15-16, 23, 29, 91-95 
measuring size of, 1, 22-23, 27, 61-66 
proving the fixed position, 73-77 
spectroscopic analysis of, 10-11 
spectroscopic study of atmosphere of, 11 
time zones and, 81 
Sunlight, 1, 5 
heating effect of, 17 
spectroscopic study of, 3, 4, 11-12 
spectra of, 2 


Telescope, 67 
Temperature 
sunlight and, 17 
conditions effecting changes in, 17, 18, 21, 22 
distance effects on, 28, 29 
Time and speed measurements, distance and, 56 
Time zones, 81 
Transfer of energy, 24-25 
uckeraow M.S 


Venus 
Copernican theory of movement of, 88-89 
Earth-Venus measurements used in calculating Earth- 

sun distance, 45-54 

Ptolemaic theory of movement of, 88-89 
radar measurement of distance to, 45, 55-56 
scale drawing used to find distance from sun to, 58-59 
scale drawing of orbit of, 52 


Washington’s birthday, 87 
Wattage, 22 

of the sun, 95, 98 
Work equation, 24 

power and, 98 
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Alcohol burners, 6 
in lithium chloride analysis, 7-10 
safety rules for using, 6-7 
in sodium chloride analysis, 7-10 
in strontium chloride analysis, 7-10 


Base line of range finders, 32, 37-38 


Candle, 16 
Cardboard, in telescopic lens exercise, 68 


Cardboard sighting scope, finding diameter of the sun 
with, 61-66 
Celsius thermometer, 16 
in sun-energy measurer, 17-23 
Clay, in proving fixed position of the sun, 73-80 
Compass, in finding Earth-sun distance, 52 
Copper stripping, 16 
in sun-energy measurer, 17-23 


Diffraction grating, 4-5 
Distilled water, 6 
in lithium chloride analysis, 7-10 
in sodium chloride analysis, 7-10 
in strontium chloride analysis, 7-10 
Dowel, 16 
in sun-energy measurer, 17-23 


Eyepiece, telescope construction and, 68-70 


Incandescent light bulb 
spectroscopic analysis of, 5 
sun-distance measurement and, 61-66 
sun-energy measurer and distance from light source, 
27-29, 92-95 
sun-energy measurer and size of light source, 19-23 
telescopic lens exercises and, 68-71 


Lead sinker, use in calculating hypothetical time sun 
would travel around the earth, 78 
Lens holder, telescope construction and, 68 
Lenses, telescopic, 68 
Light-intensity board, 61 
sun-distance measurement and, 61-66 
Lithium chloride crystals (LiCl), 6, 12 
spectroscopic examination of, 7-10 


Map pins 

in measuring Earth-sun distance, 46-50 

in proving the fixed position of the sun, 73-80 
Masking tape 

in calculating hypothetical time sun would travel 

around the earth, 78-80 

in finding diameter of the sun, 61-66 

with range finder, 34-35 

in spectroscopic analysis, 71 

in telescope lens exercises, 68 
Matches, 16 
Medicine dropper, use in spectroscopic analysis, 6-10 
Metresticks, 61, 68 


Nichrome wire, 6 
in lithium chloride analysis, 7-10 
in sodium chloride analysis, 7-10 
in strontium chloride analysis, 7-10 


Object lens, 68-70 101 


Paper 
in calculating hypothetical time sun would travel around 
the earth, 78-80 
use with range finder, 34-35 
in spectroscopic analysis of sunlight, 3 
Paper clips, 16 
use with sun-energy measurer, 19-23 
Pegboard 
use with range finder, 32-37 
in spectroscopic experimentation, 7-10 
with sun-energy measurer, 19-23, 27-29 
Petri dishes, use in spectroscopic analysis, 6-10 
Printed circle, in proving the fixed position of the sun, 
73-80 
Protractor, in calculating Earth-sun distance, 50-54 
in calculating hypothetical time sun would travel around 
the earth, 78-80 


Range finders, 31-32 
measurement of sun’s distance with, 36-37 


Sighting angle (range finders), 37-38 

Sighting line (range finders), 32 

Sighting scope, telescope construction and, 68-70 

Sodium chloride crystals (NaCl), 6, 12 
spectroscopic examination of, 7-10 
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Spectroscope, 3, 6 
alcohol lamp light examination with, 7 
analysis of stars with, 95-96 
continuous spectrum experimentation with, 4-5 
fluorescent light examination with, 5 
incandescent bulb light examination with, 5 
lithium chloride, strontium chloride, sodium chloride 
examination with, 7-10 
sunlight examination with, 3-4 
Straight pins, 73-80 
String, 7-10 
in calculating hypothetical time sun would travel around 
_ the earth, 78-80 
Strontium chloride crystals (SrCl), 6, 12 
spectroscopic analysis of, 7-10 
Sun-energy measurer 
construction of, 16-17 
distance experimentation effects and, 27-29, 91-94 
effects of light on surface area and, 17-19 
effects of light size and, 19-23 


Telescope, construction of, 68-71 
Thermometer, Celsius, 16 

in sun-energy measurer, 172-3 
Tissue, 68 
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To the Student 


This Record Book is where you should write your answers. Try to 
fill in the answer to each question as you come to it. If the lines 
are not long enough for your answers, use the margin, too. 

Fill in the blank tables with the data from your experiments. And 
use the grids to plot your graphs. Naturally, the answers depend 
on what has come before in the particular chapter or excursion. Do 
your reading in the textbook and use this book only for writing 
down your answers. 

Toward the end of this Record Book, you will find a set of Self- 
Evaluations for each chapter. Do these to check your progress. To 
check your answers to the Self-Evaluations, turn to the Self-Evalua- 
tion Answer Key in the back of this Record Book. 





Answers provided are often completely dependent on local circum- 
stances. Be quite flexible as you assist your students with their at- 
tempts to answer questions. Answers are hardly ever as important as 
the process that generates them. 


L] 1-1. How do astronomers know what the sun is made of? Chapter n 
Answers will vary. Don’t expect too much for 1-1 through 1-5. Stu: The Message 
dents will get another opportunity to answer these questions in of Sunlight 


L) 1-2. How can you find out how much energy the sun gives off each 
minute? 


L] 1-3. How can the distance to the sun be determined? 


[1] 1-4. How can the size of the sun be determined? 


LC] 1-5. How can the motion of the sun be described? 


LJ 1-6. List the colors of the spectrum of sunlight. Put them in order. 


Violet, blue, green, yellow, orange, red 


(11-7. Compare the number and order of your list of colors with 
those in Figure 1-1. 


Same; or exactly opposite 


L] 1-8. Which causes the spectrum to appear, the plastic disk or the 
slit? How do you know? 


Plastic disk; the disk alone in the spectroscope will produce a 





round, spread-out spectrum; the slit alone produces nothing. 


L] 1-9. Describe what you did to get your answer to question 1-8. 


Answers will vary. Most likely answer is that the student tried each 


end separately on the tube to see which produces the spectrum. 


L1 1-10. In the space provided, write the colors produced by the bulb. 
List the colors in the order you see them in the spectrum. If you find 
any differences between this spectrum and the one produced by sun- 
light, list them. See if certain colors show up strongly. Are there any 
bright or dark lines? 


Violet, blue, green, yellow, orange, red (or reverse order) (No ma- 


jor difference between spectra is an acceptable answer. Students ma 


see dark lines in sun’s spectrum.) 





L] 1-11. Next, use your spectroscope to examine the light from a 
fluorescent tube. Again, list the colors in the spectrum as you see 
them. Also, describe any differences between the spectra from the 
fluorescent tube and the one from sunlight. 


Violet, blue, green, yellow, orange, red (or reverse order 





(Students should notice pronounced bright lines against _a_contin- 








uous spectrum background.) 





L] 1-12. Compare the spectrum of the alcohol lamp with the spectrum 
of sunlight. 


Spectrum is too faint to be seen. 














(J 1-13. Did you see any bright lines in the spectrum of the alcohol 
lamp? If so, what colors were they? 


Same answer as for 1-12 


[] 1-14. In the space provided, show the position and color of any 
bright lines you saw in the spectrum. Do this for Activities 1-8 and 
1-9 also. 


Li 
Violet Blue Green Yellow Orange Red 
|. [eee ae 
Violet Blue Green Yellow Orange Red 
[To se 
Violet Blue Green Yellow Orange Red 


L] 1-15. Look at your answers for question 1-14. Were your spectra 
drawings different for LiCl, SrCl, and NaCl? 


Yes 





L] 1-16. Match the spectra from Figure 1-2 with the chemicals you 
observed. 





LiCl. 33 
Src] __B 
Nac] __C© 


L] 1-17. Remember the “‘how’’ question 1-1? Can you answer it 
now? If so, do it. 


Answers will vary, but should indicate the use of spectra to distin- 


guish elements of the sun. 


PROBLEM BREAK 1-1 


CL} 1-18. Show the position of any bright lines you identify. 


(Lines depend on combination used.) 


Violet Blue Green Yellow Orange Red 


CL) 1-19. Compare the sketch you made with the sketches you made 
in answer to question 1-14. What substance or substances do you 
predict are in the unknown solution? 


Answers depend on combinations used by the teacher. 





CHECKUP 2-1 
1. Work is 2. A measure of energy is 
a. force. a. force. 
b. distance. Vb. force x distance. 
VY c. force x distance. c. speed X time. 
d. speed X time. YW d. work. 
3. Energy can 4. Energy is always 
a. exist only in the V a. conserved. 
form of heat. b. destroyed. 
VY b. exist in more than Y c. needed to overcome 
one form. forces. 
c. be transferred from d. a measure of the time 
one system to another. needed to do work. 


d. cause changes in matter. 


If desired, you can set up 3 dif- 
ferent combinations of the 3 
substances (Li & Sr, Li & Na, Sr 
& Na). Lines would then be a 
combination of the lines for 
1-14. 


Chapter 2 
Watt’s 
Hot? 


L] 2-1 How much an object’s temperature changes when exposed to 
sunlight depends on a number of things. Which of the following things 
do you think could affect this change? 


A. How big the object is C. How quickly it conducts heat 
B. How well it absorbs heat D. How long it is heated 


All of them 


LJ 2-2. What do you predict will happen to the copper strip if it is 
placed in sunlight? 


It will get hot. 


L] 2-3. What is the purpose of the thermometer? 

To measure change in temperature 

L] 2-4. Was the thermometer reading in the shade different from that 
in the sun? (If so, how much?) 


Yes (A change of 1° to 4° can be expected in 3 minutes.) 





L] 2-5. What could you do to the copper to make it absorb more of 
the sun’s energy? 


Make it less shiny. 








[] 2-6. At room temperature, what temperature does the sun-energy 
measurer show? 


Answers will vary (about 25-27 °C). 


L] 2-7. What temperature does the instrument show after being in 
direct sunlight for a few minutes? 


Answers will vary (about 15°-20° above room temperature). 


L] 2-8. By how many degrees did the temperature change? 


Anwers will vary. 4 


L] 2-9. Why do you think copper was a good choice of metal? 


It is a good conductor of heat; it is easily shaped (malleable). 


Table 2-1 


(minutes) 


L] 2-10. What is the highest temperature you recorded during the 5 
minutes? 


Time 


0.0 
0.5 
1.0 
1:5 
2.0 
vee 
3.0 
355 
4.0 
4.5 
5.0 


8550 


Temperature change (°C) 


Figure 2-1. Students’ graphs 
should approximate this shape. 


Temperature 
(°C) 














0.5 1.0 


Total 


temperature 
change (°C) 


1.5 


0 
3 


tn 


SOI NO? || SO Ih 00 


10 
10 


10 


Table 2-1. These are sample 


data. 





Time (minutes) 





Figure 2-1 


Table 2-2. These are sample 
data. 


Figure 2-2 


Figure 2-2. Student’s graphs 
should approximate this shape. 


L] 2-11. According to your graph, how much time passed before the 
temperature stopped rising? 


Answers will vary (about 3-33 minutes). 


L] 2-12. Why, do you think, did the temperature stop increasing? 


The amount of heat lost equaled the amount gained. 


L] 2-13. List at least three variables that you think might have af- 
fected how much temperature change you observed. 


Amount of time in the sun; area of the copper strip; distance 


from the light bulb; wattage of the light bulb; angle at which 


Original Highest 
temperature temperature 


light strikes the stri 









Table 2-2 


Temperature 
change 










L] 2-14. Which of the following bulbs produces the most light energy: 
150W, 60W, or 100W? 


1I50W 


Total temperature change (°C) 





Number of watts 


L] 2-15. What happened to the temperature change as the wattage 
(amount of energy) of the bulb increased? 


It increased. 


LJ) 2-16. Look at your graph in Figure 2-2. Predict the temperature 
change if you had used a 50-watt bulb. 


Answers will vary (about 4 °C). 


L] 2-17. Was your prediction in 2-16 correct? 


Answer depends on prediction. 


LJ 2-18. How does the size (in watts) of a light bulb affect the temper- 
ature of the sun-energy measurer? 


A _ higher wattage produces a greater temperature change on the 
sun-energy measurer. 


[] 1. Give another example of the transfer of energy. 


Answers will vary. 


L] 2. Can you give an example of heat being changed to electricity? 


Answers will vary. 


L] 3. Can chemical energy be changed to electrical energy? 


Yes 


Excursion 2-1 


Energy 
at Work 


Chapter 3 
Lights in 
the Distance 


This Problem Break is the most 
important part of the chapter: 
The answers derived from it 
form the basis for the power 
measurement of the sun. 


10 


[] 4. Give an example or two of how energy causes a change in 
matter. 


Answers will vary. 


L] 3-1. What do you predict will be the effect of moving your light 
source farther away from the sun-energy measurer? 


Predictions will vary. 





PROBLEM BREAK 3-1 


Table 3-1 













Total 
temperature 
change (°C) 


Temperature (°C) 


rs [a 








Distance 
(cm) 








Figure 3-1 
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40 50 60 70 80 


Distance (cm) 
L) 3-2. In your experiment, why should you keep the light source 
constant at 150 watts? 


The wattage of the bulb is a variable that should be kept constant 


while investigating temperature change. 


L] 3-3. How much temperature change did the sun-energy measurer 
show? 


Answers will vary (6-20 °C). 


L] 3-4. How far from a 150-watt bulb must the measurer be to show 
the same temperature it showed in direct sunlight? 


Answers will vary (8-20 cm). 


L] 3-5. Was your prediction in question 3-4 correct? 


Answer depends on prediction in question 3-4. 


11 
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Chapter 4 


Far-Out 
Sun 


L] 4-1. How does a range finder tell the difference in the distance to 
the two objects in Figure 4-1? 


As the distance to the object increases, the angle decreases. 


[] 4-2. Does the sighting bar still line up with the object after the 
range finder is moved? If not, what would you have to do to line it up? 
Dryat! 


No; the sighting bar has to be moved in toward the sighting line. 


L] 4-3. Suppose you moved the range finder closer to the object along 
the sighting line. Predict what you would have to do to align the 
sighting bar. 


Move it even closer to the sighting line. 








(] 4-4. Was your prediction correct? 


Answer depends on prediction in 4-3. 





L] 4-5. Suppose the distance from the range finder to an object in- 
creases. How do you predict the angle between the sighting line and 
sighting bar will change? 


The angle will decrease. 


L] 4-6. Was your prediction in question 4-5 correct? What happens to 
the angle formed by the sighting bar and the parallel sighting line 
shown in Figure 4-2? 


Answer depends on prediction; the angle will decrease. 


L] 4-7. Suppose you lined up the sighting line and the sighting bar of 
the range finder in Figure 4-2 on an object a long way off (like a 
distant tree). Would you expect the angle between the sighting bar 
and the parallel sighting line to be large, or small? 


_ Small 








L] 4-8. Describe any problems you had in deciding which object was 
farther away. 


Answers will vary. 


L] 4-9. From the position of the sighting bar on your scale, what can 
you say about the distance to the sun? 


It’s too far to measure. 


L] 4-10. Suppose you lengthened the base line. How would this affect 
the greatest distance you can measure with your range finder? 


It would increase the distance the range finder can measure. 





PROBLEM BREAK 4-1 


Problem Break 4-1. Note the in- 
structions for the student to 
check with you before proceed- 
ing with the experiment. Are 
all factors but the base line 
and the distance held constant? 
How will the measurements be 
made? 


Teacher’s 
initials 


13 
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Excursion 4-1 


The Moon’s 
Measurements 


L] 4-11. In Figure 4-3, how would increasing the base line affect the 
size of the angle between the two sighting lines? 


It would increase the angle. 





L] 4-12. If you switched from a simple range finder to the system 
shown in Figure 4-4, what effect would this change have on angle A? 


It would increase the angle. 





L] 1. How many minutes did it take the moon to pass across the wire? 
About 2 minutes 

CJ 2. In question 1, you recorded the minutes it takes for the wire to 
sweep One moon diameter. How many minutes did this sweep take? 


About 2 minutes 


L] 3. How many minutes does it take the earth to make one complete 
rotation? 


1440 minutes 


[]4. How many moon diameters would a telephone wire sweep 
across in one full day? (Hint: You know the time needed to sweep 
across One moon diameter. You also know how many minutes there 
are in one full day.) 


About 720 moon diameters 


L]5. What is the diameter of the moon? 
3330 km 


[1 5-1. How could the distance from Earth to Venus be used in 
measuring the distance to the sun? 


Answers will vary. Hopefully the student will indicate using the 


Earth-Venus distance as a base line. 


L] 5-2. Why can’t the range finder you used in Chapter 4 measure 
large distances? 


The base line is too short; or the sighting angle is too small. 


L] 5-3. What problems would there be in using the scheme in Figure 
5-2? 


Answers will vary. 











L] 5-4. Why is the sun placed at the center of the drawing? 


Because the sun is the center of the solar system 


L] 5-5. What does “‘in the same plane’’ mean? 


Answers will vary. Hopefully, the student will indicate that Earth and 


Venus do not travel at a vertical angle to one another. 


(1 5-6. Why are the orbits of Venus and Earth represented by circles 
in your drawing? 


Because they move in a circular path 


Chapter 5 


Measuring 
the Distance 
to the Sun 


15 


16 


[] 5-7. Why is the circle for Venus’s orbit smaller than the circle for 
Earth’s orbit? 


Venus is closer to the sun. 


L] 5-8. Suppose the planet Earth made a complete orbit around the 
sun. During that time, would Venus have made more, or less, than 
one orbit around the sun? (Answer by drawing the approximate posi- 
tion of Venus in Figure 5-3.) 


Figure 5-3 






Venus here on day 1 






Earth here on day 1 
and day 365% 


L] 5-9. Does Venus travel faster, or slower, than Earth as it moves 
around the sun? 


Venus travels faster. 

L] 5-10. In Figure 5-4, which drawing shows the pins not in a tri- 
angle? 

Drawing D 

L] 5-11. In Activity 5-4, what measurement could be made to de- 
scribe the position of Venus with respect to the sun and Earth? 


The angle formed by line EV (the line of sight from Earth to Venus) 


and line ES (the line of sight from Earth to the sun) 





ACTIVITY 5-1. 


Sun 
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LL) 5-12. As Venus and Earth move in orbit, what two things happen 
to the angle formed by EV and ES? 


The angle increases and straightens out. 





L] 5-13. When is the EV-ES angle greatest? 


When the line of sight from Earth to Venus just touches but does 





not cut the orbit of Venus 





LJ 5-14. What number of degrees are there in the greatest possible 
EV-ES angle? 


About 41° on the scale drawing 


L] 5-15. When is the EV-ES angle smallest? 


When Earth, Venus, and the sun are in line (0°) 





(1) 5-16. What is the largest average Sun-Earth-Venus angle as- 
tronomers have measured? 


46° 19 


This 15-cm-diameter circle, and 
the lines and angles drawn on it, 
should be carefully and accu- 
rately done. The distances in 
Table 5-2 depend on this scale 
drawing. 
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ACTIVITY 5-6. 


CHECKUP 5-1 


1. How high (in metres) was the crate from which the scale drawing 
was made? 


4m 


2. How wide (in metres) was the actual crate? 


3.5m 





L) 5-17. Measure on your scale drawing from Activity 5-8 the dis- 
tance between Earth and Venus when they are closest together. This 
will be when Earth, Venus, and the sun are lined up. Also Earth and 
Venus are on the same side of the sun. See Figure 5-7. 


About 21 mm 
L] 5-18. What is the distance in mm between E and V on your scale 
drawing? 


42 mm 


L] 5-19. By your scale, how many km are represented by each mm? 


2 000 000 km 








Table 5-2 
Se ee ee 
On scale Actual 
drawing (mm) (km) 
Distance from Venus to the sun 54 108 million 
Distance from Earth to the sun 75 150 million 
Smallest distance between Earth 21 42 million 
and Venus 


L] 5-20. Using your scale drawing, measure (in millimetres) the dis- 
tance from Venus to the sun. Then measure the distance from Earth 
to the sun. Record your measurements in Table 5-2. 


54 mm; 75 mm 


L] 5-21. Using your scale of 1 mm = 2 000 000 km, calculate the 
distance in km from Venus to the sun and from Earth to the sun. 
Record the results of your calculations in Table 5-2. 


108 000 000 km; 150 000 000 km 


111. How far will a radio pulse travel in 1 minute if it moves 300 000 
km/sec? 


18 000 000 km 





Excursion 5-1 


What's 
Radar? 


22 


Excursion 5-2 


Scale 
Drawings 


Excursion 5-3 
Practice in 
Using Scale 
Drawings 


L] 2. The pulse takes 2.33 minutes to travel from Venus to Earth. 
How far has the pulse traveled? 


41 940 000 km, or 42 000 000 km 


L]3. How far is Venus from Earth? 


42 000 000 km 


L]1. What scale did the architect use? 

lcm = 10m 

L] 2. How many centimetres wide is the storage area as shown in the 
drawing? 

4 cm 

L] 3. When the warehouse is actually built, how wide will the storage 
area be? 


40 m 





L] 4. Use the information in Figure 2 to answer these questions: What 
is the actual distance? 

A. from Boston to Chicago? 

B. from Chicago to San Francisco? 

C. from Chicago to New Orleans? 


A.1344 km 





p.2880 km 


c. 1344 km 


Table 1 Table 1. These figures are 
rounded off. 










Actual distance 
(km) 


106 000 000 


Scale drawing 
(mm) 







Venus to Sun (VS) 
Earth to Sun (ES) 








Earth to Venus (EV) 42 000 000 


(11. From Table 1 you see that 17 mm on the drawing represent 
42 000 000 actual km. How many actual km would be represented by 1 
mm? Of course, 77 as many km, or 1 mm on the drawing, represents 7 
x 42 000 000 actual km = how many km? 


2 470 000 km 


L) 2. How many actual km would be represented by 2 mm on the 
drawing? 


4 940 000 km 


13. Now figure out the Venus-sun distance for Table 1. How many 
actual km are represented by 43 mm? Forty three mm in the drawing 
represent 7? X 42 000 000 actual km = how many km? 


106 210 000 km 


L] 4. Using the same method, you can find the Earth-sun distance. 
The Earth-sun distance on your drawing is 60 mm. How many actual 
km are represented by 60 mm? 


148 200 000 


CL] 6-1. What is the distance (in cm) from the pinhole to the square 
hole in the light-intensity board? 


42 cm 

C1) 6-2. What is the distance (in cm) from the pinhole to the grid (the 
length of the cardboard tube)? 

42 cm 

(1) 6-3. Now what is the distance (in cm) from the pinhole to the 
square hole in the light-intensity board? 


84 cm 


(1) 6-4. How many times bigger is the distance across the square hole 
in the cardboard (1 cm) than the distance across the image (0.5 cm)? 


Twice as big 


Chapter 6 


How Big 
Is the Sun? 
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Excursion 6-1 


Moon. 
Gazing 


1 6-5. What is the distance in cm from the pinhole to the grid? 
54 cm 
L] 6-6. What is the distance across the sun in km? (If you make the 


calculation shown above, your answer will automatically come out in 
km because the centimetres cancel out.) 


1 380 000 km 


11. Suppose a telescope has an object lens with 30-cm focal length 
and an eyepiece lens with 5-cm focal length. What is the power of the 
telescope? 


6 power 


[]2. Why are giant telescopes at observatories placed on massive 
concrete foundations? 


To prevent unwanted motion in the telescope 


[|] 3. What is the focal length, in cm, of the object lens? 


45 cm 


[] 4. What is the focal length of the eyepiece lens, in cm? (It should 
be much shorter than that of the object lens.) 


4 cm 


L] 5. Using the equation given earlier, calculate the power of your 
telescope. 


11.25 power 

16. Describe anything different about the image that you observe. 
(Different means from what you would see with the naked eye.) 
The image is inverted. 

L] 7. Why would what you observed not be bothersome to astron- 
omers? 


Answers will vary, but should indicate that the image need not 


be right side up for observation purposes. 


L] 8. How far apart should the lenses be in your telescope to give it 
the maximum magnification? (See your answers to questions 3 and 4.) 


About 49 cm 


L] 9. Give the descriptive numbers for the power and light-gathering 
ability of your telescope. 







11 x 34 

ACTIVITY 7-2 Chapter 7 
The Fiery 
Chariot 
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[] 7-1. Suppose you were the observer standing on the earth in 
Figure 7-1. Would the sun appear to be overhead, or on the horizon? 


On the horizon 

L] 7-2. In Activity 7-4, would the sun appear to be overhead to the 
observer? 

Yes 

L] 7-3. How many degrees did you have to turn the earth to get the 
sun overhead? 

90° 

L] 7-4. How many degrees have you turned the earth from where it 
started (in Figure 7-1)? 

180° 

L] 7-5. To the observer represented by the map pin, would the sun 
seem to have traveled across the sky from one horizon to the other? 

Yes 

L] 7-6. Suppose you kept turning the earth disk until the map pin got. 


back to where it started. Through a total of how many degrees would 
the earth disk have turned? 


360° 
L] 7-7. With the earth and the sun in the position shown in Activity 
7-7, would the observer see the sun overhead, or on the horizon? 


On the horizon 


L] 7-8. How many degrees did you move the sun to make it appear 
overhead to the observer? 


90° 
(L] 7-9. How many degrees did you have to move the sun from its 


position in Activity 7-7 to make it appear to the observer that it 
moved from one horizon to the other? 


180° 


CL] 7-10. In both cases, did the sun appear to the observer to move 
around the earth? 


Yes 





L] 7-11. In both cases, did the sun appear to the observer to rise from 
one horizon and set behind the other? 


Yes 


117-12. At what time did you make your first mark? 


Answers will vary. 


L] 7-13. At what time did you make a second mark? 


30 minutes after the time in 7-12 





[11 7-14. How many degrees are in the angle formed by the two 7-14. Geographic location and 
time of day will affect the 


shadow lines? answers. Students’ answers for 
Z . this question and also for 
10° to 20 7-18 to 7-21 should fall in the 


ranges shown. 


L] 7-15. How many degrees did the sun appear to move in 30 min- 
utes? 


Ltn 20° 


L] 7-16. How many km does each mm represent? 


1 mm = 1 000 000 km 


LL) 7-17. The arc between 1 and 2 shows how far the sun appears to 
travel in what perriod of time? 


30 minutes 

1 7-18. What is the distance in mm from point | to point 2 on your 
RALCION, 

8 to 16 mm 

[1 7-19. Using the scale you determined in question 7-16, what is the 
distance in kilometres that the sun traveled in 30 minutes? 


8.000.000 to 16.000 000km 27 


28 


C1 7-20. If its speed is steady, how far would it travel in 1 hour? 
16 000 000 to 32 000 000 km 


C1 7-21. What would its speed in kilometres per hour have to be? 
16 000 000 to 32 000 000 km/h 


(1) 7-22. Can you think of a way to calculate how fast the earth is 
turning? (Hint: The distance around the earth is 40 000 km.) 


Answers will vary. Hopefully, the student will realize that the earth 


rotates 40 000 km in | day (24 h), or 1600 km/h. 





PROBLEM BREAK 7-1 


L] 1. How many days shorter than our year was the Sumerian year? 
5 days poe aS a ae cea a 


L] 2. About how often should the Sumerians have added a 30-day 
month to get a year as long as ours? 


About every 6 years 


L]3. You may have heard the famous quote from Shakespeare’s 
Julius Caesar:‘*Beware the ides of March.’’ What is meant by the 
ides of March? 


That part of March in which there was a full moon 


L) 4. See if you can explain why Easter would have to occur within 
these dates in order to meet the council requirements. 


Answers will vary. (If March 21 came on Saturday and there was a 





full moon that day, then the first Sunday after the first full moon on 
or after March 21 would be March 22. If March 21 came on Sunday 


and there was a full moon the day before, March 20, then the next 





full moon would be a lunar month later [291/2 days] on Sunday, 


April 18, and the first Sunday after that is April 25.) 








L] 5. Can you explain why it is October 15 in Rome and only October 
5 in London following Pope Gregory’s decree? 


The British did not accept Pope Gregory’s decree. 


(11. Which theory do you support? 


Theory of Copernicus 


Excursion 7-1 
The Night That 
People Lost 
10 Days 


Excursion 7-2 
Matching Wits 
with Galileo 
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Chapter 8 


On Your 
Own 


[] 2. What are your reasons for supporting the theory? 


Answers will vary, but should indicate that with the Ptolemaic theory 


it would never be possible to see more than a crescent of Venus 





while with the Copernican theory all phases from crescent to full 





would be possible, and this, in fact, is what can be observed. 





L] 8-1. How do astronomers know what the sun is made of? 


They know what the sun is made of by studying its light with 





spectroscopes. 


L) 8-2. How can you find out how much energy the sun gives off each 
minute? 


Compare its effect on the sun-energy measurer with a known light 


source at a known distance. 


L] 8-3. How can the distance to the sun be determined? 


By using scale drawings and the EV-ES angle 


_] 8-4. How can the size of the sun be determined? 


By projecting its image on a screen and using a simple mathematical 





relationship 


L] 8-5. How can the motion of the sun be described? 


The sun apparently moves around the earth; however, it is more 





likely that the earth moves around the sun. 


Oe te 





CL] 8-6. Would the heat from a 150-watt bulb warm up your sun- 
energy measurer if the bulb were 149 million km away? 


No 


Table 8-1 











Then the original 
power of the source must 
be multiplied by 


If the original 
distance from source 
to object is multiplied by 











L] 8-7. The numbers in Table 8-1 have a very interesting relationship. 
What do you think that relationship is? 


The number in column 2? is the square of the number in column | 





CL] 8-8. Suppose the original distance is multiplied by 10 000. What do 
you predict the power multiplier to be? 


100 000 000 


CJ 8-9. What is the distance in cm you found for the position of the 
150-watt bulb? 


8-20 cm 
CJ 8-10. How many cm are there in 149 000 000 km? 
14 900 000 000 cm 


31 


8-13. Many factors might influ- 
ence students’ estimates. Val- 
ues ranging from 104 to 1076 
watts may be possible on sunny 
days at noon. The exact value 
for the sun is 3.7 x 106 watts. 
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L] 8-11. Now divide your answer to question 8-10 by R. (The result 
will be the number of times R must be multiplied to give you the 
distance to the sun.) Record this number in the last row of Table 8-1 
as a distance multiplier. 


1 860 000 000 to 745 000 000 pS a 


[] 8-12. What is the power multiplier that goes with the distance 
multiplier you recorded in Table 8-1? Record your answer in Table 
8-1. 


3 460 000 000 000 000 000 to 550 000 000 000 000 O00 


L] 8-13. What is the sun’s energy measured in watts? (150 watts x 
power multiplier) 


520 000 000 000 000 000 000 to 82 500 000 000 000 000 000 watts __ 


L] 8-14. According to the spectra, how do the chemical compositions 
of the stars compare? 


Star _A contains the elements helium and hydrogen, and Star B 
contains hydrogen and calcium. 


L] 8-15. How much farther away is Star A than Star B? 


Twice as far away 





L] 8-16. How does the energy of Star A compare with that of Star B? 


The energy received from Star B is twice as much as that from Star A. 


How Am | Doing? 


You probably wonder what exactly you are expected to learn in this 
science course. You would like to know how well you are doing. This 
section of the book will help you find out. It contains answers to the 
Self-Evaluations for each chapter. If you can answer all the ques- 
tions, you’re doing very well. 

Self-Evaluations are for your benefit. Your teacher will not use the 
results to give you a grade. But you may want to grade yourself. 

Some questions can be answered in more than one way. Your 
answers to these questions may not quite agree with those in the 
Answer Key. If you miss a question, review the material on which it 
was based before going on to the next chapter. Page references are 
frequently included in the Answer Key to help you review. 

On page 61 of this booklet, there is a grid that you can use to keep a 
record of your progress. 


TO THE TEACHER The following sets of questions have been designed 
for self-evaluation by your students. The intent of the self-evaluation 
questions is to inform the student of his or her progress. The answers 
are provided for the students to give them positive reinforcement. For 
this reason it is important that each student be allowed to answer 
these questions without feeling the pressures normally associated 
with testing. We ask that you do not grade the student on any of the 
chapter self-evaluation questions or in any way make the student feel 
that this is a comparative device. 

The student should answer the questions for each chapter as soon 
as the student finishes the chapter. After answering the questions, the 
student should check his or her answers immediately by referring to 
the appropriate set of answers in the back of his Record Book. 
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SELF-EVALUATION 1 


1-1. Describes what a spectro- 
scope does to reflected sun- 
light. 


1-2. Describes the difference be- 
tween continuous and bright- 
line spectra. 


-3. Recalls the characteristics 
of the spectrum of sodium when 
burned. ard identifies it as 
bright-line. 


There are some questions that require planning or assistance from 
the classroom teacher or aide. Instructions for these are listed in color 
on the pages that follow. You should check this list carefully, noting 
any item that may require your presence or-preparation. Only items 
which require some planning or assistance are listed. 

You should check occasionally to see if your students are complet- 
ing the progress chart on page 61. 


L} 1-1. Describe what is produced when sunlight is reflected from a 
piece of white paper and passed through a spectroscope. 


[] 1-2. Describe the difference between the fluorescent-tube spec- 
trum and the sunlight spectrum. 


L] 1-3. A nichrome wire is used to put a solution of sodium chloride 
into an alcohol flame. The light given off is viewed through a spec- 
troscope. 

a. What type of spectrum can be seen? 


b. In Figure 1-3, sketch the spectrum of sodium chloride. 


Figure 1-3 


|__s.s  al 


34 Violet 


Blue Green Yellow Orange Red 


_—e 


———s 
. 


L] 1-4. Which spectrum below is best represented by Figure 1-4? 1-4. Distinguishes between a 


(Check one.) 


Bright-line spectrum 


Continuous spectrum 


Figure 1-4 


a EE ee 


Violet Blue 


(11-5. Why should you never look directly at the sun through a 


spectroscope? 


(1) 1-6. After each source listed in Table 1-6, check the type of spec- 


Green Yellow 


trum produced. 


Table 1-6 


L) 1-7. Describe the difference between the dark-line spectrum and 








Source 
75-watt bulb 
Fluorescent tube 


Sodium vapor lamp 





Reflected sunlight 


Continuous 


Orange Red 





Bright-line 


the bright-line spectrum for the same element. 


(11-8. Obtain the container labeled ‘‘Question 1-8’? from your 
teacher. Use a flame test to determine which of the elements (Na, Li, 


Sr) the solution contains. 





1-8. You should prepare (and 
label “Question 1-8") a mixture 
of two of the three substances 
used in the chapter. Note that 


you can use the same ones that 
were prepared for Problem 
Break 1-1 if you desire. 


continuous and a bright-line 
spectrum. 


1.5. Explains the safe use of a 
spectroscope. 


1-6. Matches different light 
sources with their spectral 
types. 


1-7. Describes the difference be- 
tween bright-line and dark-line 
spectra 


1-8. Applies method for identify- 
ing chemicals by using a spec- 
troscope. 
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1-9. Applies the concept that 
spectral data can be used to 
identify chemical. elements of 
light sources. 


SELF-EVALUATION 2 


2-1. Indicates that light and heat 
are forms of energy and that 
light can be converted into heat. 


2-2. Explains the blackening of 
the vanes of the sun-energy 
measurer. 


Figure 2-3 


Before 
placing 
in sun 


After 
placing 
in sun 


30— 
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L] 1-9. How can spectroscopes be used to help astronomers find out 
what stars like the sun are made of? 


[] 1-10. The main purpose of this module is to show what astrono- 
mers have learned about the sun and solar system. (True or False) 


If you did the excursion for this chapter, write its number here. 


L] 2-1. Light and heat are forms of. 
not) be converted into heat. 


. Light (can, can- 


1 2-2. Explain why the blades of the sun-energy measurer were 
blackened. 


L] 2-3. How many degrees Celsius change in temperature occurred 
after the thermometer was placed in the sun (Figure 2-3)? 


2-3. Accurately reads the 
change in temperature, using a 
Celsius thermometer scale. 


L] 2-4. List three factors that affect the temperature change of a sun- 
energy measurer. 


a. 
b. 


Cc. 


2-4. Lists the variables that af- 
fect an object's temperature 
change. 


L] 2-5. Using your sun-energy measurer, measure the temperature 
change caused by the light bulb that your teacher has prepared. 
Check your answer with your teacher. What was the maximum tem- 
perature change? 


Figure 2-6 
A B Cc 
2 2 © 
=| 2 =} 
s © © 
Oo oO oO 
Q. Qa (oe 
£ £ £ 
@o oO oO 
Ee - FE 
Time Time Time 


L] 2-6. Which of the graphs in Figure 2-6 best shows how the tem- 
perature of the sun-energy measurer changes after being placed in 
direct sunlight? 


L] 2-7. The effect of different wattages of light bulbs on the tempera- 
ture change of your sun-energy measurer can be measured as shown 
in Figure 2-7. The distance between the light sources and the energy 
measurer should be kept the same at all times. The amount of time 
that each bulb shines on the measurer should also be kept the same. 
Why is it important to keep the time and distance variables constant? 


Figure 2-7 


2-5. Use a 100-watt bulb at a dis- 
tance of about 15 cm from the 
sun-energy measurer. You will 
probably want to try it out ahead 
of time and adjust the distance 
so that there is a 15°C change. 


2-5. Uses the sun-energy mea- 
surer to measure temperature 
change due to light source. 


2-6. Selects graph showing that 
a sunlit object's temperature 
reaches and maintains a 
maximum in a finite time span. 


2-7. Explains why only one vari- 
able is changed at a time. 


Sun-energy 
measurer 










©) (8) 8 en 616 6, 6) ole 6 
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2-8. Identifies relative energy 
output of bulbs of different wat- 
tage. 


2-9. Applies the concept that 
temperature change is directly 
related to energy output of light 
source. 


SELF-EVALUATION 3 


3-1a. Calculates temperature 
change. 


3-1b. Selects ordered pairs and 
constructs a graph. 
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LJ 2-8. List the following wattages in order from lowest to highest in 
terms of light-energy production: 40 W, 15 W, 100 W, 60 W, 150 W. 


L] 2-9. Three different-watt bulbs were placed, one at a time, the 
same distance from a sun-energy measurer. Each bulb was allowed to 
burn for the same amount of time. Which bulb would produce the 
greatest temperature change? 


L] 3-1. The data in Table 3-1 were obtained by using a sun-energy 
measurer, a 100-watt bulb, and various distances. 


Table 3-1 


Initial Final Temperature 
Distance temperature temperature change 
st @: 1 es ° 


(cm) 





a. Complete the above table by calculating the temperature 
change. 

b. On the grid in Figure 3-1, plot the temperature change 
against the distance. 





Temperature. change (°C) 


Distance (cm) 


c. Predict the temperature change at 40 cm. 


L) 3-2. Suppose a 150-watt bulb produced an 8 °C change in the tem- 
perature of the sun-energy measurer at 20 cm. What temperature 
change would you expect the bulb to produce if moved to 40 cm from 
the sun-energy measurer? 


If you did the excursion for this chapter, write its number here. 


L] 4-1. Use Figure 4-1 to answer this question. The diagram illus- 
trates a range finder sighted at an object. 

a. Label the base line, the sighting line, and the sighting bar 
on the diagram. 





3-1c. Extrapolates from graphed 
data. 


3-2. Applies relationship of in- 
verse effect of distance from 
energy source on temperature 
change of sun-energy mea- 
surer. 


SELF-EVALUATION 4 


4-1. Identifies parts and charac- 
teristics of a range finder. 
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4-2. Explains scale markings on 
a range finder and how they can 
be varied. 
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b. Suppose the range finder was moved farther from the ob- 
ject, but the sighting line was kept lined up with the object. Check the 
phrase below that best describes what you would need to do to align 
the sighting bar. 





Move the sighting bar toward the base line. 
___ Move the sighting bar away from the base line. 


Leave the sighting bar in the same position. 





Figure 4-1 


+ 
=: —— 


Object 





[] 4-2. Figure 4-2 shows a range-finder scale similar to the one you 
made for distances of | m to 15 m. 


Figure 4-2 





a. Describe how the distance between the scale markings 
changes as the distance to the object increases. 


b. Describe how you could change your range finder so that 
there would be more space between the scale markings. 


L] 4-3. As the distance to the object being sighted increases, what 
happens to the sighting angle? 


L] 4-4. What are some of the factors that limit the distance you can 
measure with a range finder? 


L] 4-5. Your teacher has labeled an object ‘‘4-5A’’ somewhere in the 
room. He or she has also marked with an ‘*X”’ a place for you to 
stand. Using your range finder, stand at the place marked ‘‘X’’ and 
sight the object labeled “‘4-5A.’’ What is the distance to the object? 


L] 4-6. An astronomer made sightings at object Z from two observ- 
atories, located at X and Y as shown in the diagram below. Which line 
on the diagram represents the base line? (Check one.) 


eee a ine XZ 


eee by lune XY we 






: Observato 
eee Ce Lines ¥Z Md 


Y Observatory 
d. None of the above 


L] 4-7. Why can’t the range finder be used to measure the distance to 
the sun? 


4-3. States the relationship of 
distance and sighting angle. 


4-4. |\dentifies factors that limit 
the use of a range finder. 


4-5. Some vertical object, such 
as the edge of a door, a 
chalkboard, or a wall corner, 
should be designated as ‘“4-5A.”’ 
At a horizontal distance of 3.75 
metres from the designated ob- 
ject, mark an “X”’ on the floor. 


4-5. Demonstrates skill in 
measuring distance by using a 
range finder. 


4-6. Identifies the base line for 
astronomical sightings. 


4-7. Explains why the range 
finder cannot be used to mea- 
sure the distance to the sun. 
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SELF-EVALUATION 5 


5-1. Identifies basic facts about 
the solar system. 


5-2. Uses a protractor to mea- 


sure angles. 
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If you did any excursions for this chapter, write their numbers here. 


L] 5-1. Which of the following is an incorrect fact about the solar 
system? 

a. The sun is the center of the solar system. 

b. Venus and Earth are planets that move in the same plane. 

c. Earth is closer to the sun than Venus is. 

d. Venus and Earth move in roughly circular orbits around 
the sun. 


L] 5-2. Using your protractor, measure the four angles shown in 
Figure 5-2. The curved line indicates the angle that you are to mea- 
sure. 


Angle A =___ Angle B = __ Angle C =___ Angle D =__ 
Figure 5-2 
B 
Cc 
D 





L] 5-3. Use the scale drawing in Figure 5-3 to answer both parts of 5-3. Interprets scale drawings. 
this question. (Measure the distance ‘‘as the crow flies,’’ not the 
distance by road.) 
a. How far in centimetres is Union Park from Christmas on 
the drawing? 


b. What is the actual distance in km between Union Park and 
Christmas? 


Figure 5-3 


Christmas 


1cm = 2miles 





L] 5-4. Use Figure 5-4 for this question. What is the greatest possible _5-4. Identifies and measures the 


EX-ES angle for Planet X on this diagram? Greatest ean plane teal 
angle from a drawing. 












Figure 5-4 


Planet X’s 


orbit 
@ Planet X 


Earth’s orbit 
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5-5. Prepares and uses a scale 
model of planet orbits to deter- 
mine scale and actual distances 
between planets and distance 
from the earth to the sun. 
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L] 5-5. Use Figure 5-5 to answer all parts of this question. 
a. Draw in an earth-sun line on the diagram. 


b. When, as seen from the earth, the Planet Z is at its greatest 
angle from the sun, the angle is 22°. Using your protractor, draw in 


the earth-Planet Z line when the EZ-ES angle is greatest (22°). 


c. Using your compass, draw the orbit circle for Planet Z. 
d. Measure the distance between the earth and the sun. Re- 


cord this distance in mm on line 2 of Table 5-5. 


Figure 5-5 


Earth’s orbit 


e. On your scale, 1 mm equals how many km? 


QeEarth 


f. What is the distance in km from Planet Z to the sun? 


g. What is the smallest distance between the earth and 
Planet Z? 


h. Complete Table 5-5. 


Table 5-5 


















Actual 
distance 
(km) 


Scale 
drawing 
(mm) 





Distance from Planet Z to sun Lnepirral 
Distance from earth to sun tot ae | 


149 000 000 


Smallest distance between earth 
and Planet Z 


If you did the excursion for this chapter, write its number here. SELF-EVALUATION 6 


L16-1. Describe the relationship between the size of the image 6-1. Describes relationship of 
formed and its distance from the pinhole and the size of the object and = Jeet and image size and dis- 
: : : tance to pinhole. 

its distance from the pinhole. 
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6-2. Set up the 150-watt light 
source with the 1-cm square 
hole lined up with the brightest 
part of the bulb. Make a mark 
for Point Aso that the pinhole is 
21 cm from the square hole; for 
Point B, make a mark at 31.5 
cm; for Point C, a mark at 42 cm. 
It will help to have the apparatus 
in a darker part of the room if 
possible. 


6-2. Demonstrates safe and ac- 
curate use of sighting scope. 


6-3. Applies relationship of ob-~ 


ject and image size and dis- 
tance to pinhole to calculate 
diameter of the moon. 


6-4. Applies relationship of im- 
age, object size, and distance to 
pinhole in determining distance 
to the object. 
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[] 6-2. Your teacher has prepared an area where you will measure 
the size of a light source from three different distances. Take a 
pinhole-screen sighting scope to this area. Measure the size of the 
light source from Point A, Point B, and Point C. Keep the tube at 
its shortest length. The size of the image produced by the source 
when at 


Point A = cm across. 
Point B = cm.across. 
Point CG =— cm across. 


L] 6-3. Using a pinhole-screen instrument, a student made some 
measurements to determine the diameter of the moon. Using the 
student’s data (shown below), calculate the diameter of the moon. 

Distance from moon to pinhole = 385 000 km 

Distance from pinhole to screen = 57 cm 

Size of moon image on screen = 0.5 cm 


Actual diameter of moon = ____————sOX*£Km. 


(16-4. A light source that is 6 cm in diameter forms a sharp image 
0.5 cm in diameter on the screen of your tube. The tube is adjusted so 
that the distance between the screen and pinhole is 20 cm. You do not . 
Know the distance from the light source to the pinhole of your tube. 

a. In the space below, sketch a diagram that illustrates this 
problem. 


b. How far away is the object from the pinhole? 


If you did any excursions for this chapter, write their numbers here. 


L] 7-1. Answer the following questions based on the earth-sun model 
that you worked with in this chapter. 

a. Through how many degrees does the earth turn from sun- 
rise to sunset? 


b. How many hours pass between the time the sun is over- 
head and the time it sets? 


L] 7-2. The time difference between New York and San Francisco is 
three hours. (When it is 12:00 noon in New York, it is 9:00 A.M. in San 
Francisco.) How many degrees on the surface of the earth does this 
represent? 


L] 7-3. How many time zones would you cross if you made a trip 
around the world? 


L] 7-4. Clint says that it is easy to see that the earth travels around 
the sun. He says all you need do is observe how the sun rises and sets 
each day. Do you agree with Clint? 


L] 7-5. A student takes paper, sinker, and string outside on a bright 
sunny day to measure the movement of the sun. The string does not 
cast a shadow. What is the problem? 


source and object casting 
shadow. 


_ 7-5. Indicates cause of a 
' shadow’s appearance and posi- 
tion, due to position of light 


SELF-EVALUATION 7 


7-1a. Describes the earth’s rota- 
tion in terms of degrees. 


7-1b. Identifies length of time 
from noon to sunset. 


7-2. Applies the concept that 
each hour represents 360/24 
degrees of rotation. 


7-3. Applies the concept that 
there is one time zone for every 
hour in a 24-hour day. 


7-4. Recalls that observations of 
the sun’s motion can result in 
conclusions of both a sun- 
centered system and-an earth- 
centered system. 
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7-6. Explains why it is more log- 
ical to think the solar system is 
sun-centered. 


SELF-EVALUTION 8 


8-1. Applies concept of how 
energy received from light 
source diminishes with dis- 
tance. 


8-2. Applies concept of inverse 
square relationship. 
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[] 7-6. Why is it more logical to think that the earth moves around 
the sun, even though you have not been able to prove it? 


If you did the excursion for this chapter, write its number here. 


L] 8-1. When you double the distance from a light bulb, what must 


you do to the wattage of the bulb to keep the sun-energy measurer 
reading the same? 


L] 8-2. Complete Table 8-2. 


Table 8-2 


Distances and wattages required to keep 
the same reading on a sun-energy measurer 


Measured distance Wattage 
80 cm 3 200 watts 
160 cm 


51 200 watts 
640 cm 
2 560 cm 


L] 8-3. What does power mean as it applies to energy production? 


CL 8-4. Bulb X is placed 100 cm from the sun-energy measurer. Its 
effect is the same as a 20-watt bulb at 10 cm from the measurer. What 
is the power multiplier number you would use to get the wattage of 
bulb X? 


LJ 8-5. Light from two different stars, X and Y, is passed through a 
spectroscope. Their spectra and the spectral line positions of some 
elements are given in Figure 8-5. Use the spectra and the data in 
Table 8-5 to compare the composition and power (wattage) of the two 
stars. 


Star X 


Star Y 


Elements 























He H H He He CaCa 


Table 8-5 


Distance from 
the earth 
30 light-years away 
15 light-years away 





Temperature rise in 
sun-energy measurer 











8-3. Defines power. 


8-4. Applies the concept that the 
power multiplier is the square of 
the distance multiplier. 


8-5. Compares characteristics 
of stars,‘ given spectral and 
energy data. 


Figure 8-5 


He = Helium 
H = Hydrogen 
Ca = Calcium 
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8-6. Designs an experiment ap- 
plying concept of energy mea- 
surement. 
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L] 8-6. Design an experiment to determine if a blue-colored 50-watt 
light bulb produces the same temperature change as an uncolored 
50-watt light bulb when placed 10, 20, and 40 cm away from your 
sun-energy measurer. Use the space below for your answer. 


1-1. A continuous spectrum. A continuous spectrum is like a rainbow 
of red, orange, yellow, green, blue, and violet. Try Activity 1-1 again 
if you had difficulty with this question. 


1-2. The spectrum of a fluorescent tube forms a continuous spectrum 
like that of sunlight, but you can also see several bright lines on it. 
Try looking at the fluorescent-tube spectrum again if you have forgot- 
ten what it looks like. 


1-3. a. Bright-line spectrum. The yellow lines (there are two of them 
if you look carefully) are caused by the sodium. The chlorine 
in the sodium chloride does not produce a spectrum at this 
temperature. 


Violet Blue Green Yellow Orange Red 


1-4. Bright-line spectrum 


1-5. Looking directly into the sun can produce permanent damage to 
the eyes. You should never look directly at the sun. 


1-6. Your completed chart should look like the one below. Re- 


member that a fluorescent tube produces both a bright-line and a 
continuous spectrum. 















Source Bright-line 


75-watt bulb 







Fluorescent tube 






Sodium vapor lamp 


Reflected sunlight 





Answer Key 


SELF-EVALUATION 1 
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SELF-EVALUATION 2 


1-7. In the bright-line spectrum of an element, you do not see a 
continuous spectrum. You see only bright, colored lines in specific 
positions. The continuous spectrum is visible in the dark-line spec- 
trum of the same element. But there are dark lines in the same posi- 
tions that the bright lines occupy in the bright-line spectrum. (See 
pages 5 and 11.) 


1-8. Check your answer with your teacher. If you had difficulty in 
identifying the element(s) present, you may want to do Activities 1-4 
to 1-9 again. 


1-9. Spectroscopes produce spectra. These spectra are like finger- 


. prints of the elements that produced the light. Thus elements in light 


sources can be identified using spectroscopes. 


1-10. False. This module shows how astronomers get answers to 
their questions about the sun and solar system. (See the first page of 
Chapter 1.) 


2-1. Light and heat are forms of energy. Light can be converted into 
heat. For more on energy, see Excursion 2-1. 





2-2. The blades were blackened so that they would absorb light 
energy and convert it into heat energy more efficiently. You may have 
noticed this effect in the summer when walking barefoot—it’s not too 
bad on light-colored concrete but look out for the black asphalt! 


2-3. Change in temperature = 5 °C. See Resource 7, ‘‘Scale Read- 
ing,’ if you had trouble with this question. 


2-4. You could have listed quite a number of factors, including 
whether or not the copper fin had been blackened, but there are three 
very important factors: 

a. The intensity of the light source—the brighter the bulb, the 
greater will be the temperature change. 

b. The distance between the sun-energy measurer and the light 
source—the smaller the separation, the greater will be the tempera- 
ture change. 


i 


ee 


a il el 





c. The length of time that the sun-energy measurer has been 
exposed to the light source. This is only noticeable for the first few 
minutes. After that the temperature changes very little or not at all. 
When this equilibrium temperature is reached, the copper strip is 
losing heat energy as fast as it is absorbing energy from the light. 


2-5. Your answer should be fairly close to 15 °C. If you were not 
close to this answer, you may not have allowed enough time for your 
sun-energy measurer to heat up. If this doesn’t solve your problem, 
check with your teacher to see whether your sun-energy measurer is 
working properly. 


2-6. Graph A. The temperature rises and then levels off as the sun- 
energy measurer releases heat at the same rate it absorbs heat. 


2-7. Only one variable is changed at a time so that the effect of that 
variable is not confused with the effects of the other variables. See 
Resource 6, ‘‘Investigating Variables,’’ if you had trouble with this 
question. 


2-8. 15 W, 40 W, 60 W, 100 W, 150 W. The higher the wattage of a 
bulb, the more energy it can release in the form of light. 


2-9. The greatest temperature change would be produced by the bulb 
with the highest watt number. 


3-1. a. Your chart should be completed as shown below. 


temperature temperature 
“C EG 












Temperature 
Distance 
(cm) 





SELF-EVALUATION 3 
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SELF-EVALUATION 4 


b. Your graph should look like the one shown below. 


Temperature change (°C) 





Distance (cm 


— 


c. Your predicted value should be about 0.8 °C. You can extend 
the curve on the graph by a dashed line, as shown. 


3-2. You may not have been sure of the energy change. You should 
expect it to be much less at 40 cm than at 20 cm. Actually, the 
temperature change produced at 40 cm is about 1/4 of what it was at 
20 cm. Doubling the distance to the light source decreases its effect 
on the sun-energy measurer by 4 times. You’ll learn more about this 
relationship later. 


4-1. a. You should have labeled your diagram as indicated below. 


Sighting line 





oe 


—<Seem eee mm e es -—— 


Sighting bar 


b. Move the sighting bar away from the base line. If you had 
difficulty with this question, get a range finder from the supply area 
and try it out. 


4-2. a. The markings on the scale get closer together as the distance 
measured increases. 

b. Here was your chance to be a real inventor. Two of the ideas 
you may have suggested are (1) make the base line longer; (2) make 
the sighting bar longer. 


4-3. The sighting angle decreases as the distance to the object in- 
creases. See Activity 4-3 and the questions that follow it. 


4-4. You could have listed many different factors. The main ones are 
(1) the length of the base line; (2) the smallest angle that you can 
measure. You may also have mentioned such factors as difficulty in 
keeping the sighting line pointing at the object while moving the sight- 
ing bar, and problems in lining up the same part of the sighting bar 
with the object each time. 


4-5. 3.75 metres. You should be pretty good at measuring distances 
with your range finder by now. If you are still having difficulties, you 
may want to discuss this with your teacher. 


4-6. b. The line XY represents the base line. Astronomers make sight- 
ings from observatories many miles apart to increase the size of their 
base line. This helps them measure the distance to a distant object. 
However, in some cases (such as measuring the distance to the sun or 
to a star), astronomers find that the angle that is to be measured is so 
small that even using the diameter of the earth as a base line is not 
enough. (See pages 38 and 39 in your test.) Now if we made one 
observation in January and another one in July .. . Hmm. 


4-7. You cannot get a large enough base line. The sighting angle is 
too small to measure because the base line is limited. However, it 
could be measured if the base line could be extended much farther. 


5-1. Fact ¢ is incorrect. Venus is closer to the sun. See Table 5-1 in 
your text. 


SELF-EVALUATION 5 


5-2. The students may have dif- 
ficulty with 338°. They have not 
been called upon to measure an 
angle greater than 180° previ- 
ously. You may have to show 
them either of two methods: 

(1) Extend one side of the angle 
through the vertex to make a 
straight angle; measure the 
angle between this extension 
and the other side of the angle 
(158°); add this measurement to 
180°. 

(2) Measure the acute angle (the 
part without the curved line, 22°) 
with the protractor; subtract 
this measurement from 360°. 
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5-2. Angle A = 35°, Angle B = 121°, Angle C = 90°, Angle D = 338°. If 
you measured all four angles correctly, you are doing very well. If 
you are having difficulty measuring angles, you should do Resource 9, 
‘*Measuring Angles.’’ 


5-3. a. 8 centimetres; 

b. 16 km. If you look at the scale drawing, you will notice that it 
says that 1 cm equals 2 km. If Union Park is 8 cm from Christmas and 
each centimetre equals 2 km, then Union Park is 16 km from Christ- 
mas. If you are having problems with scale diagrams, you should do 
Resource 7, ‘‘Scale Reading.”’ 


5-4. The greatest possible EX-ES angle for Planet X in this diagram is 
45°. If your answer is not within one to two degrees of the answer 
given, you should check with your teacher or review Activity 5-5 in 
your text (page 50). 


5-5. a, b, c. Your diagram should look like the one shown below. 
d,e. The distance you should have measured between the earth 

and the sun is 64 mm, so that on your scale 1 mm = 2 330 000 km. 
f. Planet Z should be about 24 mm from the sun. This is equal to 

56 000 000 km. 





Planet Z 


@ Earth 


g. The smallest distance between the earth and Planet Z is 40 
mm. This is equal to 83 000 000 km. If you got all parts of this question 
correct, you did very well. If you had some difficulties, you may want 
to review pages 52 and 53 in your test. 










Table 5-5 






Actual 
Distance 


(km) 
56 000 000 
149 000 000 


Scale 
Drawing 
(mm) 


Distance from Planet Z to the sun 
Distance from the earth to the sun Serene | 


Smallest distance between the earth 
and Planet Z 40 











83 000 000 


6-1. The relationship can be stated as a simple ratio or proportion. SELF-EVALUATION 6 
(See page 63 in your text.) 


Distance across the object_ Distance from object to the pinhole 
Distance across the image Distance from image to the pinhole 


6-2. In this experiment you determined the size of the image on the 
screen produced by a source placed at three different distances from 
the pinhole. You kept the pinhole-screen distance constant (42 cm). 
The size of the image produced by the source when at 

Point A = 2.0 cm across. 

Point B = 1.5 cm across. 

Point C = 1.0 cm across. 


6-3. The relationship you need for this problem is as follows: 


Distance Distance from object to pinhole Distance 
4clLOSS = .ACrOSS 
Distance from pinhole to screen 


object image 
Substituting the student’s data into this relationship, we get the fol- 
lowing: 
Distance 385 000 km 
across = ————-X 0.5 cm = 3 380 km 
moon bee 


If your answer is around 3 380 km, you did well. If you had problems, 
you might want to review pages 65 and 66 in your text. SV 
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SELF-EVALUATION 7 


6-4. a. Your sketch should look something like the one below. 


ecm Se 


Image size 2 cm in diameter 


b. Use the relationship given in the answer to 6-3 above. 





6 cm_ _ Distance from object to pinhole 
0.5 cm 20 cm 


240 cm= Distance from object to pinhole 


7-1. a. From sunrise to sunset, the earth makes one half a turn, or : 
180°. 

b. From noon (sun overhead) to sunset, the earth makes one 
quarter of a turn and this takes 6 hours. 

You may realize that in actual fact the day is longer than the night 
in summer and shorter in winter. The simple model that you used at 
the beginning of this chapter does not predict or explain this fact. If 
you had difficulty answering these questions, take another look at 
Activities 7-1 to 7-10, pages 73 to 77. 


7-2. In Activities 7-9 to 7-11, you determined that the sun appears to 
move through an angle of 15° each hour. Since New York and San 
Francisco are 3 hours apart, they are 3 x 15°, or 45°, apart. Actually, it 
is 45° between corresponding points in these time zones. New York 
City and San Francisco are not corresponding points, and the actual 
separation between the two is a little over 48°. 


7-3. Since it takes 24 hours for the earth to make one rotation on its 
axis and there is a time difference of 1 hour between time zones, you 
would cross 24 time zones in a trip around the world. Take another 
look at Problem Break 7-1 if you had difficulty with this. 


7-4. You should disagree with Clint. From what you’ve seen, it is not 
possible to tell whether the sun moves around the earth or the earth 
moves around the sun just by watching the sun’s motion. However, it 
is more logical to think that the earth is moving about the sun. 


7-5. This is a real stinker of a question. No doubt you had to think 
about it for a while. The trick is that the sun is almost directly over- 
head, so the shadow of the sinker hides the shadow of the string. 


7-6. You might have said that the sun would have to move at an 
unreasonable speed to travel all the way around each day. If the earth 
is turning on its axis, it would not have to be traveling nearly so fast. 


8-1. You would have to increase the wattage of the source by afactor SELF-EVALUATION 8 
of 4 in order to keep the same reading. You should review pages 92 
and 93 of your text if you had difficulty with this question. 


8-2. Your completed table should look like the one shown below. 
Review pages 92 and 93 if you had problems with this table. 





Distances and wattages required to keep 
the same reading on a sun-energy measurer 














Measured distance Wattage 
80 cm 3 200 watts 
160 cm 12 800 watts 
320 cm 51 200 watts 
640 cm 204 800 watts 
2 560 cm 3 276 800 watts 


8-3. Power is defined as “‘energy transferred per unit of time.’’ A 
watt is 1 newton-metre per second. 


1 Nem 
sec 


Watt = 





For more help, see Excursion 8-1. 


8-4. One hundred cm is 10 times as far as 10 cm. Thus the distance 
multiplier is 10x. The power multipler equals the distance multiplier 
times itself. 


Power multiplier = 10 x 10 


Thus the power multiplier is 100. See Table 8-1 in the text. 59 
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8-5. The spectra show that Star X contains helium; Star Y contains 
hydrogen and calcium. Star X is also more powerful (releases more 
energy per unit of time) than Star Y—about 8 times more powerful. 


8-6. Your answer should indicate that you would place one of the 
bulbs at each of the distances, measuring the temperature change 
each time. You would then use the other bulb at the same distances 
and make the same measurements. A comparison of the temperature 
changes would tell you which gives off more energy. 


My Progress 


Keep track of your progress in the course by plotting the percent 
correct for each Self-Evaluation as you complete it. 
umb IT 
Percent correct = me UIT COCs = 100 
Number of questions 

To find how you are doing, draw lines connecting these points. 
After you’ve tested yourself on all chapters, you may want to draw a 
best-fit line. But in the meantime, unless you always get the same 
percent correct, your graph will look like a series of mountain peaks. 




















PERCENT CORRECT 
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